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Kinetic Analysis on the Rate of Stepwise Reduction of a Single Sinter with
CO-CO3,-N5 Gas Mixture

Tateo Usul, Munekazu OHMI, Shigeaki HIRASHIMA and Nobukazu KiTAGAWA 4

Synopsis : v

Stepwise reduction experiments of commercial sinter under the same conditions were repeated more than
4 times over a temperature range of 700° to 1 000°C.

In the analysis, reduction of calcium ferrite was not taken into consideration. Mass transfer rate from
naphthalene-coated sinter was measured and the following correlation equation for estimating mass-transfer
coefficient in a gas film of sinter, &;(cm/'s), was derived in consideration of shape factor : 41

krd,* /D= 4 + 0.82 (v/D)*(ud,*/v)*"? ,
where D : diffusivity (cm?/s), dp* : volume equivalent diameter (cm), u : gas velocity (cm/s), y: kinematic
viscosity (cm2/s). ‘

Values of chemical reaction rate constant k. and effective diffusivity D, in the unreacted-core shrinking
model for one interface were so determined by trial and error that the calculated reduction curve might
agree well with the experimental one. Their temperature dependencies are

k%™ = exp [6.88 — 16 000/(RT)] (cm/s) D,™ = exp[ —0.721 — 4 130/(RT)] (cm?%/s)

k ™/ = exp[5.34 — 12 200/(RT)] D, ™ = exp[0.609 — 5 470/(RT)]

k. @/F9 = exp[3.39 — 8560/(RT)] D, ¥ = exp[3.23 — 9 060/(RT)]
where R : gas constant [cal/(mol - K)], T : temperature (K), &, m, w: abbreviations for hematite, magnetite
and wustite.

Although microscopic observation of partially reduced samples showed the application of the single inter-
face model was rather not suitable from the viewpoint of reduction fashion, it was good enough for evaluat-
ing the reduction rate because of satisfactory agreement between the calculated and the measured reduction
curves.

Key words : sinter; reduction; kinetic analysis; unreacted-core shrinking model ; mass transfer coefficient;
diffusivity ; ironmaking.
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Fig. 1. Mass transfer from naphthalene-coated
sinter and sphere.
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Fig. 2. Coefficients of viscosity #co, “co, and
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of temperature T on logarithmic scales.
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Fig. 3. Relation between the mole fractions zy,; and
%co,; under the equimolal countercurrent diffusion of
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Table 1. Chemical analysis and physical properties of the sinter.

Component T.Fe FeO CaO Si0O,

Al,03 MgO MnO TiO, P30s Zn

Weight % 57.08 5.07 8.78 5.46

1.9 1.37 0.83 0.36 0.102 0.008

RDI*=31.3 (%) SI*?=90.4 (%) Mean size=19.6 (mm) Apparent density=3.8 (g/cm®) True density (calculated)=4.59 (g/cm®)

* Reduction degradation index *2 Shutter index
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Fig. 4. Equilibrium diagram for iron oxide reduc-
tion by CO-CO,.
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Photo. 1. Microstructures of sinter reduced partially at 900°C (Reduction step of Fe,05—Fe;0,).
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Photo. 2. Microstructure of sinter reduced par-
tially at 900°C (Reduction step of Fe;04—
Fe;-,0).

=100, F=051
Photo. 3. Microstructures of sinter reduced par-
tially at 900°C (Reduction step of Fe;_,0 — Fe).
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Appendix
—FRE R E 7V DR
t _ loo(87¢s(t}(dp*/2)[ F
Cco,b'" Cgo/,g l 3kf*
— (1 — 1/3 :
n kc‘g/”(<11+1€;< 0] B (A1)
YHCTRITT 5B, HBRTEBEO R T VEE
po® DIEALEE % %, Table 1 DfES X UH 3 E Tk
NI LD, BRTEBREOEE R
wt % Fe,0, =5.07 X 0.9 X (231.55/71.85)
=14.71 (wt%)

wt o/ N in Tan )
Wi /o ULill ¥ C3uy )

=14.71 X (16.0 X 4/ 231.55) = 4.07

wi % Fe(in Fe;0,)
= 14.71 X (55.85 X 3/231.55) = 10.64

wt % Fe(in FeO)
=5.07 X 0.1 X (55.85/71.85) = 0.39

wt % Fe(in Fe;0,)
= 57.08 — (10.64 + 0.39) = 46.05

Wt% O(lﬂ Fez()a) :
=46.05 X [16.0 X 3/(55.85 X 2))=19.79
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CO-COx-Np BE A 2T X B BEREHLE — KT DB = & OFIRBITCHEE O Rt 1963

I B,

0™ = 3.8 X0.1979 /16.0 = 0.0470 (mol O /cm®)
2™ = p™ X (8/9)+ 3.8 X 0.0407 /16.0 = 0.0514
0™ = p™ X (3/(4—4y)]=10.0386/(1— y)

W 5
CC10H8 N f—;it*ﬁ}i%ﬁo)’j‘ 7 9 U :/i)%ﬁ{ (g/cm3)
CCO : CO 77“1 @JE)I/ZJ%F}:‘ (mol CO/cmS)
D, D S FUEIBRBBIU N, YADEELER L /-
IEIEYL AR ER (em?/s)
DY t MIAE DI EERE (cm?/s)
d,, d,* : BREAE B X OBREME (cm)
F: &% (-), F=1-(1-F)3(-)
K st BB O ¥tk (—)
k0 s— i BERE AL G EEE R (em/s)
ke T AR E B BRI (cm/s)
k& PEIEL ZRB L - 7 ABEEA Y E B ER K
E[l/kf+ K (dp* )2/ VT]—l (cm/s)
p: E (Pa), R: # 2%E%$ (cal/(mol-K))
Sc: a3y M =u/(pD) (=), S,: LR
(em™1), T:#RERE (K), t: &ICHEM (s, min)
" RBEA O T ABAR AR S B L B R A
OBITHERIOED = 5,0y, 04 * F/(360 k*
(Cco,s— CEJ) ) (min)
u: AFHIE D ) F A5 (em/s)
V:BEHEIREEIC B 5 F X E (NI/min)
Vp: T2EE (em®/s), x: HF AT DENGE (—)
y: AT A PO F VBILDENGER (—)
k  EIEROFSE (—)
o BERRTR (g/(em's))
o0: HWADEE (g/em®), p,: AEORBIFEE (g/cm®)
00+ s OBLRITTEEE 0 BT € VEE (mol O/em®)
¢r.: LEva OFREEH =RFLRICEELFEORNE
wfE)/ (R oEmEfE) (—)
0 ALERRAI (s AR tHICET S NB RIS, 00
CHUSTHBEN) b TERICETL SN DBEDOESG ;
G™=1-8/9, ¢\ =1-3/(4—4y), $,"9=1) (—)
RZT
b, e, i: HFABAE, FEIKED XOCRIBREI B AE
hmw: NI 7% %4F, DAFALF
s b st R ORI I BT A KIS B L UK
¥R ERS. (s,0)=(h,m), (m,w), (w,Fe)
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