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Development of an Evaluation Method for the Pore Structure of Sinter

Cake and Its Application to the Permeability Analysis

Shunji KasaMa, Tadahiro INAZUMI and Tsutomu NAKAYASU

Synopsis :

Pore structure of sinter cake was observed three-dimensional with high energy X-ray computerized

tomography.

Most of pores of 5mm or more in two-dimensional size were three-dimensional stem pores

composing a complicated network linked with each other.
A new analysis method employing the X-ray computerized tomography has been developed for evaluating

the sinter cake pore structure, based on a network model.

This method has successfully made it possible

to quantify the complexities of the pore network and pore thickness.

Applying this method to the analysis of the sinter cakes having the different permeability, importance of
pore branch structure for the permeability was elucidated. Promoting the coalescence of iron ore particles
securing stem pores improves the permeabilty of sinter cake because of producing a permeable pore net-

work.

Key words : iron ore sintering; X-ray computerized tomography ; three-dimensional image ; analysis of sin-
ter cake; pore structure; network model ; evaluation of permeability.
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Fig. 1. Relationship between total porosity and
porosity classified by pore size.
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Fig. 2. The image processing sequence of “net-
work analysis”.

Photo. 1. Three-dimensional pore image com-
posed of six CT images (Pores are described in
white. Solids are described transparentry).
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Table 1. Experimental conditions of the sinter pot tests.
Items CASE-A CASE-B CASE-C CASE-D Low Al,03 High Al,O3
Si03 (% in mix) 5.09 5.09 4.99 4.88 5.2 5.2
AlO3 (% in mix) 1.72 1.72 1.69 1.73 1.25 4.00
CfS(—) . 1.61 1.61 1.99 1.67 1.72 1.72
Mean size (mm) 1.75 1.76 1.87 2.08 1.76 1.65
Quicklime (%) — — 2.0 — 3.0 3.0
Coke (%) 3.5 3.5 3.5 3.5 4.0 4.0
Drop height of mix (m) 1.8 0.6 1.8 1.8 0.6 0.6
Bed height (m) 0.5 0.5 0.5 0.5 0.5 0.5
Suction pressure (kPa) 12.7 12.7 12.7 12.7 9.8 9.8
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(a) Branch density

Fig. 3.

(b) Branch width

Pore branch structures of longitudinal

section through sinter cake on Wakamatsu sintering

machine.
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Fig. 4. Relationship between
branch width and +5 mm porosity.
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Photo. 3. Pore branch structures of sintering machine (Three-dimensional pore images (a)~ (c)
are composed by the same method as shown in Photo. 1).
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Table 2. Experimental results of the sinter pot tests.
Items CASE-A CASE-B CASE-C CASE-D Low Al;03 High Al;03
Bulk density (10°kg/m®) 1.93 1.80 1.87 2.00 1.87 1.84
Flame front speed (mm/min) 10.6 13.8 13.8 11.7 18.1 15.2
Product yield (+5mm% ) 69.0 73.5 73.7 75.0 83.0 76.8
Productivity (t/h/m?) 0.86 1.17 1.11 1.04 1.57 1.25
JIS-Shatter Index (+10 mm% ) 78.3 78.7 75.7 83.3 96.2 91.3
Shrinkage of bed (%) 4.7 17.2 5.5 5.7 12.4 12.9
SHETH Y, [ILEOHE X v PROEBRILE R - T Lo THBRILVCHAEL#ELEZ6h, ZOLHT

W5 (Photo. 3(b)).
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Fig. 5. Comparison of permeability of sintering
bed before and after sintering.
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drop of sinter cake.

4:2-2 V¥~ —FORILIEE ,
+5mm JILFEE 77 L FREO®E & HISH % Fig.
6 BLU Fig. 71277, RILBCUHHELEXALRN
VA, T UFIRREBETHETA EELHTLICKER
EOWAASLNE . CASE-A 375 > F DML & v
PU—7 o TwA. HIZEAEE K CASE-B
B LHALD CASE-D i3, [ILOHEHHEA 72 HH %
Ay M-I BHEShTYS,
4-3 FIIFTEEGEOEE
TNIFTEERY 1% 5 4% ICEZ L X 08
% & RALBEDEAL % Fig. 8 8L U Fig. 9 IZ/RY. 7
NIFOEBIBOTKEL, TVIF% 3% EiFs
Z LI & o TRILD T EAEEAE L < RMEAL LIRS
3fEICER L.

5 % =

5-1 TADPEFRE L BREDOREF
D= —FHORIDGE R Ry PV — 2 ThH D
SENS, FOROHFAFNLBRD THEEETH S LR
Sha, Z2Ti, RILBELBREOBELBITL,

500 500
= 400k ‘ﬂ’ T 400~
& X = O ALOs1%
+ 300 + 300 ® Al
@ 200 .tu_‘; 20 20:4%
£ o 2
100+ 100~
0 | S A R S 0 L L1 Fig. 9. Comparison of distribu-
0o 1 2 3 4 5 8 0 01 02 03 04 tion of branch indices in height
Branch density (1/c) Branch width (cm) direction.
@ Case-A A& Case-C O Alz031%
O Case-B A Case-D B Al2034%
70 70 70
/
aﬁ 8.0 /. / g 80+ ® E 8.0 F
< 50 / / | = 50 - < 50
S wf / S sl S 40
5 A VAN O/ 5 4 % £ 4
o 30F ] A/ o 30F |\ o 30F
- 2 / 2
@ . / @ 20 F ? 20 - \
a 10fF oy a 1o0Hd a 1ot O
0 ] I A 0 1 i ] 1
40 50 80 2 3 5 ¢ 71 0.1 02 03

+5mm porosity (%)

(a) +5 mm porosity

Branch density (1/cm)

(b) Branch density

Branch width (cm)
(c) Branch width

Fig. 10. Relationship between total pressure drops and pore branch structures in sin-

ter cake (gas velocity is 0.5 m/s).
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Fig. 11. Relationship between total pressure

drops and pore branch structures.

Table 3. Comparison between viscous resistance and inertial resistance at a constant gas velocity (u=0.5

m/s) in sinter cake.

Terms CASE-A CASE-B CASE-C CASE-D Al,031% Al034%
Pressure drop : AP/L (kPa/m) 12.0 7.0 6.0 7.5 2.2 6.3
Viscous : a7 u (kPa/m) 4.8 1.8 0.8 2.0 No data 1.7
Inertial : b+ v?(kPa/m) 7.2 5.2 5.2 5.5 No data 4.6
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