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Abstract : Pore structure in iron ore sinter has been studied using a high energy X-ray
CT system, and simulation of gas flow in sinter was made on the basis of pore-networks
revealed by X-ray CT. Gas flow in sinter is an important factor controlling the produc-
tion rate, product yield and quality of iron-ore sinter. Focussing on the above target, we
first develop methods to characterize pores and pore-networks by using X-ray CT. We
then simulate gas flow in the sinter. The X-ray CT system allows us to visualize the two
or three-dimensional inner structure of the sinter, details of which are so far unknown.
We characterize the geometry of pores and sinter matrix, and evaluate the bond forma-
tion of the iron-ore sinter by processing the X-ray CT image data. We simulate gas flow
through pore networks in a sinter and then evaluate the contribution of the pores to sinter
permeability. We found that the structure of iron-ore sinter is fractal. Applying these
basic findings, we can simulate structural changes in iron ore sinter during the sintering
process under high temperature. The changes in size, and in size distribution of the pores
and clusters, and the changes in matrix density can be explained by changes in bonding
probability among particles and raw materials. It is important to note that this technique
is also applicable to the analysis of cracks and micro structure in rocks for characterizing
their internal structure and studying their formation process.
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Sintering process of iron ore.
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Fig.16 Pore network analysis and simulation of gas flow in sinter cake.
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SR, BENESNER X Y RIREWEEIIER
@ CT {E% /R TS, BRI T oM Ciadska CT ELD
BwariyofEEryd (B17K).
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Fig.17 Effect of porosity in pixel on CT value.
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Fig.18 CT images of longitudinal section through heterogenious sinter cake at commercial sinter-
ing plant experiment comparing with ordinal one.
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Fig.20 Chage of branch structure with coke consumption.
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Fig.21 Relationship between cluster size distribution of sinter cake and coke consumption.
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Fig.23 Simulation of bond structure formation with the
change of bonding probability.
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6.3 BREFEESEOEROCIaL~-ar
6.3.1 BHEAEEEREFIN
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ERTOREPHERIZ LN To Vv FATERTS E
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THEY, ZhoMREL T L EERLMEET 2
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THEREBRIZS Y FAHH/LTHWT, N—avAfys
CEFNVEEMORBIZHZ LEZ S, FITUTOHE
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ZDEFNVTE, FEOL — I NF—VETNVCBYT
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FEHH 2 XTHEL2E L, SRFERCUTO5 20%
BhEHRT S, BRTHBEERE, 50O, 2—272(0)
BIUKHLP)D3EEL L, 205 0HBAHOME 1
L7,

Beoke T Boore + Pore = 1

¢coke9 ¢pore9 ¢ore : %Z‘E, -7 Ry %?L@%’ﬁiﬁbb
EERTFAOELK (A ORNUBEY (= 1), FL(=0)D
2ETERET B, EBRTROBE(T) 2K THE

LUTER LI B2 ). ZOBRFET, 23— A0HK
i, BE, BWOBERTOE 505, ZOBRUTOHRE
ZEAT 5.

1) YBETFOEROMER, YHBFOE LD I D>ORK
TR TORDODEL LS 1 DML T, »OYTKRTF
DRIRBH 2HEUETHY, »OYUFRFTI—
TABBEL T RWEEIZ1 L, FRBSMNI0 &
75 (2B

2) 2—7 ADBRBEIZLFETFOE LD 3 DORTHERE
FORDDRL LBV EDHN LT, PORESFKEKE
HUETHBBFIETL, FOHER—EMBELT 2.
I — 7 A DBRBEEI YR TR TR WRD YR T
DAHWZEZ T2,

AT (%, 9, t]1=0*ATc*Re/ orelrty y] -oeeeer )

%y, t 1 BE, KEB L UEEOEH
T . YT FORE

AT : 2—27 ADBRBEC X 3 UFRFOERE
LEE
CHEESROBME D — 7 AR &
3RELR

Re i a—27 AMBERE (—EH)
Gorelx,y] I UBETOHFED HEE

AT

ZZWa—7 ARBEDER/ERT o I

BIR YUy —r—3BREEEFTVOTEEH

Table 1 Parameters of the sintering model with typical values.

parameter notation actual value value in model
cell number x Xy 250 %250
cell volume Veell 1
iteration interval t 1
initial porosity @pore 0.5 0.5
initial coke content @ooke 0. 06 0. 06
room temp. Tm 15 C 0
coke ignition temp. Tig 600 °C 0.5
ignition furnace temp. Tn 1000 °C 0.8
melting point Tmp 1200 °C 1

heat diffusibity coeff. bh fitted by flame front speed at 1

coke combustion rate Re 30~60sec/particle 0. 003
ore temp. increace by ATc ~600 °C 2.44
unit coke combution

melt fluidity C/Fd fitted at 0.5
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‘ l I cAlxyt] Oor 1
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Fig.24 Definition of matrix and variable in mathematical model of sintering.

N 4
N Ly
1 (neof Alx1,y-1], Alx-1,yl,
Alxyl = Alx1,yH1] ="1"
and ¢pore[x,y] = "threshold”)
0 (else)

B HAFHhOET VL
Fig.25 Model of air flow.
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T2, t+1]=Tlx,9,t]+ D, * (T [x+1,,¢]
—4 T, 3, t]1)+A Tlx,9,¢t]
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4) SREESU ETERELZEEL, ETD 3205
ITERTICREYT 5 (58 27 X), 2 DBEIHE X Hagen
-Poiseuille DERNZHES & L7z,
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+ (ﬁpore [x+ (28] + 1] ) /2) /Lpath/ﬂfd
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7a - FEEEESH
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L7z,

6.3.2 EFNIZLZBBEBELR 2L -2 asBRE
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2) COKE COMBUSTION
-dC/dt =
{ 0 Celse )

3) HEAT TRANSFER <= Diffusion type
dorex(d'T/dt)= DhV T+ Qckke

Rc : coke combustion rate (=const.)
Qc : heat of combustion
(temp. increase of unit solid
by unit coke combustion)
Dh : heat diffusibity coeff.

H26 BBEIOE T L

Rc (A=l and T=Tig)

xH

y-1 y yil

Fig.26 Heat generation and heat transfer equations.

4) MELT FLOW
x—1 X x+1
VN ,
diameter

HagenPoiseuille’ s law
flow rate=C *(diameter)® path1d
(diameter)®oc (¢slx y]+ dsixte, yH1]), /2
fd : viscosity of melt

£ BT DET VL
Fig.27 Model of melt flow.
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Fig.28 A simulation result of cross-sectional temperature distribution.
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Fig.29 A simulation result of cross-sectional solid density distribution.
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