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Kinetics of Reducibility of Sinter

Noboru SAKAMOTO, Hiroshi FURKUYO, Yoshihito IWATA, and Tsuneo MIYASHITA

Synopsis :

In order to produce sinter with high reducibility, a relation between sinter structure and its reduci-
bility has been quantitatively investigated. Typical sinter structures and single mineral phases were
synthesized using chemical reagents. An one-interface unreacted core model was applied to obtain the

reduction rate parameters on these structures and the phases.

(1) The reducibility of the diffusion bonded type sinter was higher than that of the melting one,
because of its high diffusivity of reducing gas through the reduced layer.

(2) As a result of the reduction tests on the single mineral phase, it was proved that the reduci-
bility of the fine type hematite and calciumferrite were higher than that of the prismatic type calcium-
ferrite in slag melt, because of the same reason as described above.

(3) By knowing the reducibility of the single mineral phase and each ratio of the phase in the sinter
structure, the reducibility of their complex structures can be nearly estimated.
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Table 1. Experimental conditions for synthesis
of sinter structures.
Grain size of SiOg 0.125~0.25, 1.0~2.0 mm
Si0, content 5.0, 6.0%
Al,0O4 content 1.5%
Basicity 1.20

Indurating temp. 1250, 1300, 1350°C
Indurating time 5.0, 10.0min
Partial press.of O, 0.02, 0.10 atm
Heating rate 1 250~ 1 350°C/min
Cooling rate 1250~ 1 350°C/3 min

Operation | Material

i %1’!@

(a) Fine hematite+Fine calcium ferrite + Original quartz
(No. 1 structure)
(b) Fine hematite+ Needle type calcium ferrite
(No. 2 structure)
(c) 2ndary hematite+2ndary magnetite+ Slag
(No. 3 structure)
H : Hematite, M : Magnetite, CF : Calcium ferrite, S : Slag
Photo. 1. Micrograph of typical sinter structures

obtained from various sintering conditions.
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Fig. 2. Comparison of the reduction curves bet-
ween diffusion bonded type structure (No. 1) and
melting one (No. 3).
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Table 2. Synthetic conditions of single mineral phases.

: Synthetic conditions
No. Observed minerals Identified phase
Fe3Os CaO SiO, AlL,O, Temp Time Atms

_ Fine hematite H 4
H-2 (diffusion type) 99. 0% 0.08 — 0.22 1300°C 1h Air Hematite

~ 2ndary hematite . Hematite
H-10 (skeletal type) 81.66 8.40 7.79 2.15 1350 1 Air (Magnetite)
CF-5 Fine calcium ferrite  79.95 13.20 3.47 3.38 1300 1 Air Cag;}gﬁg”

_ Needle type . Calcium ferrite
CF-8 calcium ferrite 79. 95 13. 20 3.47 3.38 1350 1 Air (Hematite)
CF-24 Prismatic 61.68 20.15 12.84 5.33 1350 1 Air Calcium ferrite

calcium ferrite . ' : "

(Hematite)

"'S: Slag
(b) Fine calcium ferrite (CF-5)
(d) Needle type calcium ferrite (CF-8)

Photo. 2. Microstructure of the synthesized single mineral phases.
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(c) 2ndary hematite (H-10)

(e) Prismatic calcium ferrite (CF-24)
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Fig. 3. Comparison of reduction curves between
single mineral phases. '

3. & =

3-1 BARICRRETNVOER
BREEHEBROCE— A OWR T2 ERLT S
DR ITRIGE 7 ME & A BN RRAR . S aE» =
TN L BBIEIES S BREINRTHB, NE Lo
& CF BUSEES A JIS OB TL&ETELL, H4
DRITEERCH DT, ZTORE Merary O H
L7cERRD IS BRINS L, ZhhbinaETi

— 34 —



8 15 B A K o> B 58 ST O RGP B 507

BIRT AT A —ABRRELTS, LmLﬁ%%mﬁz
BILO X 5 kAN~ RKIEE BT 5846, BILsiMr X
DT ERTTEBRCHT 5 1) FEEAILEGERRE2) A
FATRHGER 3) (L2 RIGAROHAMN ERIELS. &
DIcH I IBEEER LT A X ABINLE
Thy, ERAEX 2), 3) BEOALEE LceT
A THR T DI 21T 5> DI+ EHE 2 b h
5. PR EYEFEATRELT A5, BE, v AR
X O CTETERMA R DT B7d, SPITZERZ K3
RIGHRH & RE TR LT3, —HRHEY iz~
ZA PRV, FESBHICRITT LRIERT K E E
i, VAXL 1BREEFCFHREL LV, POERE
HEUARBEN e E T TH BN EET A L 1R
HEFARAEHTESE LT3, Photo. 3 i No. 1
(Mﬁ)ﬁ%%fuvyr@ﬁ%TﬂS@%#fﬁib

LzoEugbofEry T, RICRERR~<7», 3
7n@%&%1ﬂﬁ®&# 2O BRS. OEENIET
RuBEx2 THRRIGEEIEH B DR T, EERE LR
H b2, No. 3 HB SOWCHRIETH D7,
KR DDORRY, Photo. 3 KUK © BHABITO
AN = AXADHEBHFRER I Y LA, WM coB

THEDOERILCTER YR T so, 1R X
KRG TF & BA LES 2R OT L HlicEx b
BAECRWEEL 7. ZhX b BEEEBRORE—Y miH
BHo~<x1+, 4% CF 0BT, ThFh

1/3Fe,0;4+CO=2/3Fe+CO, --oeieeeeeeens (1)

m[Ca0-Si0,] - n[Ca0 3 (Fe,_y, Aly),04]
+9n(1—x)CO=6n (1 —x) Fe+mCaO.Si0O,

+2Ca0-3nxA1,0,+ 91 (1 —x) CO,

ERETES. 1 RHERRIGEEF 1L 1)~3) 0BT
WELYEETD L, TOERERIHFORBRD 1 r 25
RN EBB R EE T &

dR/d0=3(Cy,—Ce) /rody[ (1/ks+7o/De

4a—m—m—n+KKKHM - (1—R) ~%/3]
. = (3)

L s, @B hiooTit, RS Y)

O o

S : Reduced shell

C: Unreéctéa core
Macro-and microstructure of the par-
tially reduced No. 1 structure (R=0.63).
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Fig. 4. Determination of D, and k., for the re-
duction of the diffusion bonded type structure
(No. 1) and the melting one (No. 3).

Table 3. Chemical reaction constants (k) and
effective diffusivities (D,) of diffusion bonded type
structure (No. 1) and melting one (No. 3).

No. ke (cm/s)

1 EXP (8.328—18. 12X 10%RT)
3 EXP (7.803—17.41X10%RT)

log De (cm?/s) & (—)

1.210x10737T—1.745 0.195
0.981 x10737T—1.756 ¢€.103

& : tortuasity factor (—)

134 *-ueu' .
(a) No. 1 structure
Fe : Metalic iron W : Wastite

Photo. 4. Micrograph of the No. 1 and No. 3
structure after 90min reduction at 900°C.
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Fig. 5. Contribution of reduction resistances to
the overall resistance for diffusion structure (No. 1)
and melting one (No. 3).
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Fig. 6. Determination of D, and k. for the
reduction of the single mineral phases.
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Table 4. Chemical reaction constants (k.) and
effective diffusivities (D,) of the single mineral

phases.

No. ke (em/s) log De (cm?/s)
H-2 EXP (8.18—19.0x10%RT) 1.05x1027T—12.5
H-10 EXP (12.0—29.4x10%RT) 5.29%1037T—6.72
CF-5 EXP (8.96—19. 7x103%/RT) 4.31%103T—5.51
CF-8 EXP (9.86—23.0x103/RT) 2.61x10°7T—3.89
CF-24 EXP (12.0—32.8xX10%RT) 7.53%103T—10. 0
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(2) Fine hematite (H-2) (b) Fine calcium ferrite (CF-5) (c) 2ndary hematite (H-10)

(d) Needle type calcium ferrite (CF-8) (e) Prismatic calcium ferrite (CF-24)
Photo. 5. Microstructure of the single mineral phases after reduction at 900°C.
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Fig. 7. Mineral composition and porosity of the
sinter structures (Result of image analysis).
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Fig. 8. Comparison of calculated reduction curves
between single mineral phases and their complex
structures.
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