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Transformation Reaction of SiOz in Coke Ash under Operating
Conditions in Blast Furnace

" Chisato Y AMAGATA, Yoshimasa KAJNIWARA and Shinichi SUYAMA

Synopsis :

In order to clarify the mechanism of the transformation reaction of SiO, in coke ash under operating con-
ditions in blast furnace, fundamental experiments were performed with single coke particle as sample under
gas flowing condition by the use of a pressurized high frequency furnace. Based on the experimental results,
an unsteady state mathematical simulation model with consideration of the radial distribution was developed

- and applied to the quantitative evaluation of the transformation reaction of SiO, in coke ash.

The following knowledge was obtained.

1) Reaction rate constants for both SiO gas generation reaction (k) and SiC formation reaction (ky)
were obtained in the temperature range of 1 350-1 650°C.

2) The influences of total pressure, CO gas partial pressure and coke size on the transformation reac-
tion can be quantitatively evaluated by the use of the simulation model.

3) In the actual operation, both the decrease of coke temperature, in other words, flame temperature,
and the increase of coke. size in the lower part of blast furnace are effective for the restraint of SiO gas

generation reaction.

4) The behavior of SiO, in coke ash in the lower part of blast furnace was estimated.
Key words : ironmaking ; blast furnace ; coke; simulation; coke ash; SiO gas; rate constant.

1. &
BENICB T AESHT~D Si BITHEER, -7
BXUZI 7250 Si0(g) %AEMAE, SiO(g) %1
I ETBEEPAD Si BTER, BXU, 25 7k
FeO 7213 MnO I X A EST SiOBRERT LY %
BV,
BIFATOBESS Si 0ZE) r EEMNICEEM L, B8
i Si BEOSIEER LKA Iz, kEE3
BROCHEELZE L -EERETNVICELEEMN R
ESAURTHSD, LELLENS, a—27 K55 H
Si0, DEALKIE B HRIZEIC oV T, v E 2445
WERBPRRE % SN Tidwniwn.,
ek, BAFEHRID S ORE? L EFBARALTRES
XOEEFRBEICRIML 22— 27 AR 0O 5W
BITH 2H ST, a— 7 K5 Si0, » Si0(g)
NDEHALIC B ESFE T ~O Si BITICHEZ FIF§
BiloWwTRERERshTws, LaL, B{LRIGIC
B4 5 B 2 BE5E07 1k, MERIFL R, oM

il

BRFERICIEE 2 Twa, F7-, EEBEMAL LTHLEE
AEWET AR DG BEFRRTO 2 — 7 AM#E
BThy, EBEOBPNEG 2R E LALE, COH
FEB LT — 7 ZRBEEORE LI L s 2w,
KEmETE, SFREHCBT 53— 27 XKGH
Si0, DEALIUGCHERE % A L E0FEi % 17O 729,
I A FARI B CHE—ERGR % W 7 AR £ K
L, RinimkE, &F, COSEBLUa— 7 ZHEED
FERTF AT — 7 ARG Si0, DR LS KT T2
WCDOWTHET L7z, SO ICHEBEREREFRIC, a—2
ARLEE T A % B L 22 IREH O 3 — 7 K5
Si0, DEALRIGDOHREF NV E#HEEL T, 23— K
5 Si0, DEMLEIL ¥ EEMICHIT T 5 L &b iS, B
REFNEHNCEREIIB A I— 27 K5 Si0,
D Si0(g) ~DOEEALKIBHIHEIIT RO RIZ OV T HE
EMICKRET L 7.

2. £ B K &
EBROBENEMICBITA I — 7 ZK5H Si0, DiE

BAAD 59 4F 10 A - 60 4 10 AAKBEARICTRE B 61 F£5 8 19 HfF (Received May 19, 1986)
* EREE ¥ (BR) AT rmeksim7c £ ~ # (Iron & Steel Research Center, Technical Research
Laboratoriés, Sumitomo Metal Industries, Ltd., 16 QOaza-Sunayama Hasaki-cho Kashima-gun Ibaraki pref. 314-02)




638 g% r s # 73 4 (1987) % 6 &

fLROe % E81t+ 5 BT, Fig. 1R TIMEREE
EHFEHWT, P2AHERTORE—RATFICLba—2
ARG Si0, DEEACRICER E EML 72,

AT — 27 248, EFEGKERR -7 2F (L
MEF)® CEB L efk, 94 ¥ ¥ —T 30~50 mm ¢
WRGE L, 1200°C E2ed T FMALE L TRy, ERED
(VM) *BH Lo BAviz. FHOUBLza—2
2 DMK % Table 112K,

ERBFER, A - 25 —Kr 774 13-7T
mL, FrEltEo Ar-CO RE 7 AFEE T Cigk L T
FTERIRREICHER L, BEEAXEZ AV GABoER
ZAb % WwEREE L7z, Jnka— 27 20 ZEoEH N
BoEEnEtrdr»szo, AEBILUCREARECO
I — 2 R Si0, DEALEE O #AT 2 A+ %
ZrkElL, FHOABEBEED L TOREDS X ORREE X
200°C/min & L 7=,

FTRERE S S 7%, IKSE-VMEIZ2w i
5T (JIS M8812) |, Finfh 2 — 27 AR DHLEIZ 2
VT, SiOp, AlOs WEEIMEFFE T 7 X < ki,
SiC ik #be: (BEMERE) (JIS R6124) % HwT4H
L7z,

Table 2 (Z/R"9 & 52, FEBRGEMHFE, WE-£FE-CO
BE-a— 7 ZRBEBI T AHELEEL /2.

3. £ B #H R

BRFFC & B0 — 7 AAMOER LA ORI EH %

High - frequency
induction coil
Graphite crucible
Thermocouple
Thermobalance

Suspension
(Carbon fiber)

Sample (Coke)
Graphite particle
for preheating gas
Gas inlet

Gas outlet

©e 900 0000 O

VAN

Fig. 1. Experimental apparatus.

Table 1. Composition of coke sample (wt%).

Proximate analysis Chemical composition of ash

Ash VM S Si02 A1203 NaZO Kzo
11.42 0.50 0.50 53.5 28.3 0.46 1.03

Fig. 2 12RY. KGRED EFICHEVWERRI =131
KL, FiZ, 1550°C L Lo RESTOERRIEHIK
&\,

KT 20 min FUGREE (CIRFF L 2B E D 32— 2 RIKG
B8 LUK OELE Fig. 31377, 1200°C &
22th COFHAMBRETIX, a— 27 ZIRSHF 0 Si OfF
AREBRT TR THO 25, mEO LRIV
SiC(s) #HR L, Si0.(s) BEAI LTS,

Table 2. Experimental conditions.

Items Range
Temperature (°C) 1350~1 750
Total pressure (kgf/em?G) 0.5~5.0
Mole fraction of CO (—) 0~0.4
Coke diameter (mm) 30~50
Gas flow rate (N1/min) 2.5~20.0

Var= 10 N#&/min, Pt = 3kgf /cm26

Dcoke=40mm T-

° ————————— 1350
1450°C

(%)
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1
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Fig. 2. Influence of temperature on gasification of coke.
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Fig. 3. Temperature dependence of ash, VM and various
components change in coke.
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Fig. 4. Influence of temperature on the transformation of
Si0; in coke.
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Fig. 9. Radial distribution of SiO; transformation.
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Table 3. Effect of actions on SiO (&) and SiC (s)

formation reactions.

Reactions Sio(g) SiC(s)
Actions generation formation
Temperature (1 750 —1 650°C) 0.727 0.659
Total pressure (3.0 —4.0 kgf/cm?G) 0.935 0.940
Mole fraction of CO (0.35 —0.40) 0.917 0.843
Coke diameter (30 —40 mm) 0.815 0.832
Reaction time : 20 min
Ash in_coke

SiO2 enriched|
slag

Fig. 14. Schematic diagram of behavior of SiO, in coke
ash in the lower part of blast furnace.
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@1/‘—1‘714[7\1323&(}‘@1/*-7\7;47*%%5@20
DEIRIZ BT, ZOFERELELSEL25, Si0
(g) BEENLCEHT SIIRECEELRIZTHLO
EEZOLNS.

KE T, T— 27 ARG H Si0, DEALKIGIZD W



644 % ¢ W 8% 73 4 (1987) % 6 &

TEEILEER L 72205, BFPNICBITS Si OZBEfFH
A BH7zo1iE, SiO(g) BERIGICE LTI, L—
29 2 ANTORIEBLTL =27 2 4R THORIED
ERLVEGHOBELEZONS.

6. #&

BIENEEEEL T, 23— 27 ZAK5H Si0, Dl
FOBICBS 2 BB EERZERL, TOBRICESTHE
Bl 7za— 27 ARFHEEFBOS 2 ZE- L ISR
DERETFNEHNT a— 2 AKG5H Si0, Db RIS
DEEMMRF 21TV, UTOHMREHEL-.

1) SiO(g) HERGOICHEEEH kb B XU SIiC
(s) ERRIEDORICEEER k & LT, 1350~
1650°C DRER TR S N,

k, = 2.0 X 10°-exp(— 69 000/RT)
k, = 2.7 X 10°-exp( — 66 000/RT)

W 1750°C TR LN EEEROMEF K E VEE
i, IRDOBRERICX VKRG PRILb2BZEL, K5
EEERE L OBMIEIER L0 THS.

2) &F, CONEBIPa— 2 2RFED SiO(g)
REFBBI SIC(s) R B XITTHEL,
BREFNVEHWCTERWICFHIGL 7.

3) EBRECTRLIBEZEOERRELEE TS L,
Si0(g) FERGOWENIZEE LR, COFELRD
BESHHH, FC, a— 27 ZRET LD LNORHERE
DETBLOFETE T — 2 AKREO LAPERTH 5.

4) BRILBEHLDTICB VT, a— 27 ZAKSH D
Si0, X, O TH, OLV—2A 721 ABLTRQL—X
Y 2 ARERO =0 DI BT, FOHFLERELE
L& n2s, Si0(g) BELN L THESE SiREC
HEYRITT.

Rikic, ARREETTHICHD, RIGHIRELY
0 % L 22RiER SR T (BR) R BT ge i R vE R 8 K
it EkEE ¥ ) REEAMIT ATk >~ ¥
EfTREXEL, BLUARLZIHMT Lz 222& T L
REAELEREETE L, RSB ITE M) REH
W R kAR ZE £ ~ & SEERRFZE S R HEF B A I
HETERLET.

T}

EM 5
Ce: C(s) DifE (mol/cm?)
Ce, : Cls) DWHHIREE (mol/cm®)
C,: "M D j B DiRE  (mol/cm®)
Csic : SiC(s) DifE (mol/cm®)
Csio, : SiO2(s) DR (mol/cm?)
De;; : j-i 2 Be5 % T OR IR (cm®/s)

Dej,, : 3T TO jIKST DENIERE (em®/s)
Dji AL BAR K (sz/s)

f]_= (TC/PC)j1/3

kp: A ABRAW AR BRI (cm/s)

ki SiO(g) AR (D) ob#HEEHR (571
ky : SIC(s) UG (2)R) oS HEE (s71)
M;: 55 j osTE (—)
my : SiO(g) BRAERIE D ENEEDOFEH T (—)
my : SiC (s) B IED ENVEEDTFEEER (—)
N;: &4k j OWERE (mol/cm?-s)
P: ¥/} (atm)
P.:EERES (atm)
R: SR EH (1.987) (cal/deg-mol)
Ry 54K j OAERKEE (mol/cm®:s)
Re: V14 ) WAX¥ (=)
Ry : SiO(g) RHAIEGDKIEEE (mol/cm®-s)
Ry : SiC(s) ARG D KIEHEE (mol/cm®:s)
r: 33— 7 ARFAEEFHAME (cm)
ro: I — 27 AffE (em)
Sc: a3y M (—)
T:i®E (K)
T,: BRFREE (K)
t: 054 (s)
% j AT DENGTE (—)
€ a— 27 AKTOFRILE (—)
€o: 2 — 7 AN FOPRILE (—)
T
jr ARG %#ET 1:80 2:CO 3:Ar)
BS: /v i 0fES & KT REOHE
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