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Effective Thermal Conductivities of Products in the Stepwise
Reduction of Agglomerated Iron Ore

Tomohiro AKIYAMA, Takashi FUKUTANI, Hiromichi OHOTA,
Reijiro 'TAKAHASHI, Yoshio WASEDA and Jun- ichire YAGI

Synopsis : .

Effective thermal conductivities of fired pellets, nonfired pellets and sinter which were reduced in a step-
wise manner to magnetite, wustite and metallic iron by CO-CO; or H; gas have been measured by the laser
flash method in the temperature range from room temperature to 1273 K.

As the reduction proceeded, porosity of the samples changed from 23% to 62%. Measured effective
thermal conductivities of the samples were remarkably smaller than those of dense materials. Thermal
conductivities of metallic iron and hematite depended strongly on temperature in comparison with wustite,
As the samples were reduced, the effective thermal conductivity decreased and reached a minimum value in
wustite, but increased to 5~ 10 times in metallic iron. The treatment of reduction in stepwise at 1273
brought a little difference among the effective thermal conductivities of the three kinds of samples.

The influence of reducing gas, namely; pure CO or Hg, on the temperature dependence of the effective
thermal conductivity of metallic iron was observed. This is probably attributed to the generation of dif-
ferent structures of the samples. The data measured were correlated on the basis of the unit cell model.
As a result, this model succeeded in explaining the actual bonding condition among neighbor grains and the
equations obtained agreed well with the data observed.

Key words : ironmaking; thermal conductivity ; stepwise reduction; reduced iron; laser flash method; fired
pellet; nonfired pellet; sinter; porosity ; unit cell model.
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Fig. 1. Equilibrium diagram for Fe-C-
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Table 1. Chemical composition of three samples
used in this work, 100

Fe,0; Fe,0, Fe,0 Fe(by CO)Fe(by H,)"
T T T 1
--¢-- Fired pellet I
| —o— Non fired pellet

T.Fe FeO Ca0 SiO; AlbO3 MgO C. W. -—-a— Sinter
Fired pellet 66.88 0.25 0.22 2.64 0.50 0.36

Non fired pellet |{51.46 0.12 4.76 7.00 2.99 0.19 8.43
Sinter 57.97 5.24 8.22 5.62 2.08 1.06 —
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Fig. 4. Temperature dependence of thermal diffu-
sivities of the fired pellets.
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sivities of the sinter.
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Fig. 6. Temperature dependence of thermal diffu-
sivities of the nonfired pellets.
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Table 2. Various empirical equations of effective thermal conductivity proposed.

Equation number Equation Comment

(3) ko= eky+ (1 — ek, Upper limit (Resistances in parallel)
(4) k.= lel/k +(1—e)/k} ! Lower limit (Resistances in series)

(5) ke=k; "k Geometric mean
(6) ke/k,=il—Ze(xfl)/(ZIH»l)l/l]+e(x—1)/(2;¢+ i EUCKEN (1932)19)

(7) kel k= 1%+ x(1 — &3)} /13— e+ (1~ &3 + o)} RussEL (1935)17
(8) k/ky=(1—¢) + e/l e/(hdy/ k) + (1 — e)} LoEs (1954)'®
(9) k/ke=1— &3+ &3[(1— &%) + 3/ 1 kyf ko + (2/3) (hydy/ k)] 17! Kuni (1962)19
(10) ke=(2/3)e/kg+ (1 — )/ k) ™1+ (1/3) ey + (1 —e) k] DULNEV (1970)20)

(11) ko/kg=11+2e(1 — x")/(2x" + 1)}/11 — e(1 — x")/(2¢" + 1)} SAEGUSA (1973)2V

x=ky/ kg, ¥’ = (ky/ k) exp (— 0.2dyh,/ ky)
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r T, \\\ ) T
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i Fes0,f négmmﬁg; 3 | h, ZEROBSE ¢ £ 0.5 L, RAMNCLpHEBL
Eq.4 & 5. | ) i '@ . 7z,

.
’ Porosity (-) b, = 0.22701 /(2 — &)} (T/100)2 -+orevvereessaneee (12)

Fig. 8. Relation between porosity and k./k, for the
fired pellets.
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Fig. 9. Thermal conductivities predicted by mod-
ified Kunii’s equation for the metallic iron reduced
from iron oxide pellet.
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Table 3. Values of & and 8¢ for the unit cell mod-
el obtained in the work.

[4 6¢ Porosity
Nonfired pellet
Hematite 0.906 0.150 0.25
Fired pellet
Hematite 0.897 0.395 0.23
Magnetite 0.874 0.181 0.32
Waustite 0.773 0.237 0.50
Iron reduced by CO 0.713 0.143 0.62
Iron reduced by Hy 0.715 0.200 0

DAEWMBIEERIGE IR B L CHFHESTO — 212 L
TBDBDORDEH)ICEMTHIENTEDL, 17701,
AEIORER L D AERFJHT 2B VTR, BARSOR
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+(1— 0/ k,+(k,— k)1 —(£€0)2)}]17?
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Kpar = k1 —2660(1 — 0)— 62]+ k,(£6)*
+ kk1266(1 — 6)/1k,(1 — £6)+ k86
+ 162 —(€0)%1/1k(1 — 6)+ k,0}]
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/9=[(1/N)Z — kcate] Kopg)2]V2 sreenesneeeenens (19)
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T A LN TESD. «‘r%hf:/\7x~57—’i’
Table 3 I27RT. CO BILIC L ) BAIB OGS DK
X €9 H70.395, 0.181, 0.237, 0.143 & < % A fE[A)
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Fig. 12. Thermal conductivities predicted by the
unit cell model for the un-reduced fired and non-
fired pellets.

DAEETAMNE VI BHRISHIE LTV 5. BilE 7
WIZEBRBTLOBER B X OIEBER R L » b OHEE
ERE Fig 12 R, EERE L HEMEIZIZITHECE
Z—HERLTVAS, 20X IZ Table 3 RT /87
A= — % fFHTAI LIS NHEEERB L 2 EFHMIC
ERTRE R BN & LTEMT B LN TE S,

5 # =

BER L v b, JEBERNRL v P B X ORISR < 7R
4 b, AL, EEHKETTLI273K THRIEFT LI
BLLAWMMEERLWELL. L—F—TF v valE
WEDZERD?S 1273K OIREH#HHCRAENCHE L
7. ZORER, LT oORK&HI MBS,

LYRBEERBOFRILEIL 20~25% THAEN, 0
SARIBTIETTHE L BIIHMAL, BT
50~60% (27 » 7. ZOELISHIGL, SILEORE
DEMBAZERIBELREB AP Z D DS WEE IR
L7.

2)8BEk, ~~ I A POFHREERICIKRE 2R

FEARTEEAFRD SN, 7 2% A b OFRHEER
DBEERFEIZ EbOT/IE Doz, BILOETICHEY
AN ERIBLLIAS A P CRAMER LD, &&
$TED 5~10 fFizHEmML /2.

3)VRBITEFICITR R o T Z2BEK, FEHER AL v b
B X BRSO BHAGER BT T S L BEREARED
R N R (WA

4)KFEB LU CO ¥ AR L - &8 8 O A sh B rH
TR LHEBERTFHEELR L.

5)EARFEENTCVHAERKNtHTH LS HIE
HREBEET DL LI, NTRALOKERELRIY

— 32 —



BRRE L BT L L O A UG E R

877

3 LT E BEANLEFVICESO A ESREERD

EEEREL 2.
Appendix

BELBALSOB(ZERO G HIZIREIZE L T Tan-
mann i2FE (0.5 T,,) ¥BWRELT, UTIORTEBD
2AOBEMTEHATELY. &b, 7A5 A MEIHE
HE@BOZVORETREAFETA7DOLHEES R

5.
FeyOg3:
298 < T< 912
k=1/1.887-107*T
912 < 1500
k=1/(8.319-10"° T+ 9.243-10™ %)
Fe30,:
298 < T < 906
k=1/1.660-10"*T
906 < T< 1500
k=1/(2.967-10"¢ T+ 1.508-10"")
Fe,O:
298 < T< 825
k=1/(2.335-10"% T+ 1.136-107")
825 < T< 1500
k=1/(—19.739-10"5 T+ 3.795-107 1)
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