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Reduction Rates of Cement-Bonded Cold Iron Ore Pellets. By Reijiro TAKAHASHI,

D. Mora Navarro and Jun-ichiro YacI.

In order to evaluate the performance and the energy requirements of the direct reduction process,
reduction rates of cement-bonded cold pellets as burden materials were measured for reduction with
Hp or CO in the temperature range 873 to 1373 K. The results were analysed by the one-interface
unreacted core model. The reduction rates were also compared with those of fired pellets.

The reduction rates of cold pellets were greater than those of fired pellets under all conditions.
The retardation phenomena which was observed during the latter stage of fired pellet reduction was
not found in the reduction of cold pellets.

It was found that a rate equation based on the unreacted core model could be applied to the reduc—
tion of the cold pellets based on the mixed control plots and observations of partially reduced pellets.
The chemical reaction rate constants, k, were almost the same. However, the intraparticle effective
diffusivities, De, of the cold pellets were considerably larger than those of fired pellets in the low
temperature range, T<1073 K. (Received June 9, 1987)

Keywords: cold pellet, direct reduction, reduction rate, unreacted core model, chemical reaction
rate constant, intraparticle effective diffusivity, mixed control.
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2. 1 ZEBERR~ Vv »  DELETA

FEBERR = U v MAFREOMEE (T.Fe=68.36 wt%) CHEL FF VA VIR LT hLh
4.0, 6.0 BRIV B OWtZRA LeDDb, IEROKEAEML, EE 30cm OF A7~V 24
F e A FAGTERL LT, ERLL =Ly P OEFRL 12~14mm DR TH S, ERITLETRK
L ERER T A48 8.60£0.02wt% L7 b, AV FEMBECEKFE T —ETH Tz, &
HRBI O A v b Db % Table 1 ©Rd, ZOFADORIEL —44 pm 7 56.0 wtZ D
vy FERTHS.

Table 1 Chemical compositions of iron ore, pellets and cement. (wt%)

Components l T.Fe | FeO | Ca0 | Si0, | ALO, | MgO | so,
Iron ore 68.36 | 0.16 | 0.03 | 0.58 = 0.55 | 0.04 —
| A 6563 015 303 | 156 | 0.53 | 0.04 —
%MWMt¥éW 64.26 0.15 14% 2.05 | 0.52 | 0.04 —
c | 6289 015 (Aéjos 2,53 | 0.51 | 0.04 —

" Fired pellet 6&%1&% 262 | 253 | 0.48 | 0.06 —
Portland cement - 2. 4% { — ‘?& 87‘240;)* i 4.9 "ﬁ 1.8 7 2. 577

*As the value of FeyOs.
Cement content (wt%); A :4.0, B:6.0, C:8.0.

VR L 7oL oy MMIRRKESOERSHAT T 18d #ELDD, EHEFZK T T 383K T 22
h, 773K T 1 h &R AP L= Db FERICHH L7z,

FABMBCKT L2y FERBEOELY Fig. LI d, WIhoXvy P10 HET—
EHC BT 5 2% R R OBEOHIL« £ v FRMEN S VIZERE, T, HRAHE
BoRL ., FREIZSOIRAE LD, WTROBE L BB ORKEMIEOK 2/ETH T,
Ay URINE D R HIEBER L v b DALEHLR A K A RV e fET Table 112757, RITIX
Hll D fe DA LT B = v v P DMELRL THHH, Lotk fhi (T.Fe=64.43wt%) &
JEEER N Ly P OERTECHMA LI 6.0% w4 v MEM2v .y FoZh (T.Fe=64.26 wt%)

10) EEERL FAFIEE SSHEAL TG EIG 39 (1983), L.
1D EREAL AL FF RS KN S : EFiA 41 (1985), 109,
12) FKUKZE, SELTE SUKNE—ES @ gk & 458, 72 (1986), S99. (Ph&dd, R
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Fig.1 Change of crushing strength at ambient temperature.
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BEF AT FCINT, 773K T1lh SR LAEOIERER<LV » O RETEE R LUK
REYBERSL v b & &8 T Table 2 T, FEBER RV » b DKRFLEIT 24~25% THEH v
vy NEHRTH 3 %KX\, 7ois, 383K THELALEESDLBER—DOKIAEKTH K.

773K THEMELICHBETD,

Table 2 Physical properties of the cement bonded FEBERE = v v MIXERBE K (FEEAKD
pellets after dehydration at 773 K. o Tnh, SOV oy b %1273
Cement content (wt%) 4 6 8 ~ 0* K T1lhERlL B G0EER Y

BEAGE L TECRLTHWBHNS
OffiiL e A v FERMENESZVBAX

Apparent density (g/cm®)| 3.52 3.49 3.44 | 3.80

Porosity (%) 249 | 24.4 | 243 | 2L.3 W, Ffr, = O K4 2.0K/min
Residual water (wt%) 0. 88 0. 94 1.30 ! 0 DRBEIR A (Tic - ToBa, 77130
*Fired pellets. B 1273 K % COBRTH i

4%, Lo T, 6.0% &4V E

T UIIEBER R v v b CIRITCHMAET O FEE I 51T 5 TRER C SR ORBE T bl
ELTYH 1273K UTOBRTEREECBSITHAERTIMEO KT EHEALR LD LIS, Tithb,
6.0Wt% € AV PRIV v F TOKSEGHREIZ 873K TH0.80 wt%, 1073K TH0.25 wt%
THoTe.

2. 3 BILHERDOEH

BICRIEEE DORECITAE 5.0cm D74 s FRRINEZ HT 2 BRFAKBRBEZHH L
fo. WEO7 e —v— % Fig. 2 R, {vy x N &b, FIERE VT 30 min L
Em#shicos, BES ALY D B2 CTER¥HG L. BTREC L 2 BRALIES -
PRV CHEEHCRIE L, i, RICE THC+5 7y AFBENRTONTHDHDT, HA
WETTORUV » b OINE L OBRIGABC BT 2FNRETI—~ETH- .

BIGIREEIL 873~1373K 0#if, EHAKE, BIE» AFEX 5 N/(CO)/min 35 X 0820 N/
(H2)/min OB TEBREYITo -7, ¥, BFE L TRERR 1.211£0.05cm DIEFERK I L OBE
vy P a@mIRLCHERA L.
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Fig.2 Schematic diagram of experimental apparatus.

1. Gas flow meter, 2. Gas mixer, 3. Gas path changer,

4. Alumina ball, 5. Pellet, 6. Reaction tube, 7. Pt-wire,
8. Strain gauge, 9. Electric furnace, 10. Thermocouple,
11. Recorder, 12. Temperature controller, 13. Bridge box,
14. Strain meter.
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Fig. 3 Reduction curves for the cold and the fired pellets reduced with
hydrogen at 1073 K.
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Fig. 4 Reduction curves for the cold pellets reduced with
hydrogen at different temperatures.
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Fig.5 Reduction curves for the cold and the fired pellets reduced with
carbon monoxide.
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OMEZERIEEEER (k) #RDDZENTE 5,
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o= 2 (o ar-eme 1 1>
_ 3dry 1 R
H=-CcZC¥ *T3h " 100 (25
R 1/3
F=1—<L—TWT> (3)

Z T,
C, C¥: "L 7 BIXOPHEF APEE (mol/cm®), De : B&hH 2 058E%E (cm?/min), do: ~ v
» b DEE (mol Fe:0s/cm®), K : BIERIGDOFPHER, k:ALERIEEE €% (cm/min),
ki : # ABEEAWEREFEE (cm/min), R:BILXK (%), 7o: vy F¥EE (em), t: 87T
Beff] (min) TH 5.

fodks, (2) RiTRWT, FAEBENWEBEIHRI 1 13 Ranz-Marshall'® 12X 5 (4) &ic
F S TER L 7z,
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Fig. 6 Mixed control plot for the cold pellets reduced with hydrogen.
13) Yagi, S.; Kunii, D.: 5th Symposium (International) on Combustion, Reinhold, New York, (1955),
231.
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k= 7}0; (2.040.6 Rep'/2Sct®) <4

ZCT, D: 285 %7 ADGFIKEFRE (He-H0 %7213 CO-CO:) (ecm’/min), Rep: KT
HHED VA 2 AR (=dpup/t), Sc: > a3 v VB (=¢/pD), dp: v, FERE (cm), u:
HADZEEEE (cm/min), 0 : A4 7 HADEE (g/cm®), #: 30 2 7 Z20REE (g/cmemin)
ThbH.
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In £=13.27-13.2x10* /R ;T (5)

In £=11.11—9. 2x 10°/RT (6)

k& De 12T HOMBELIEBER Vv » POFRKAREL, BERLVy PIDLBEBTEEDOKRI WD
LHERLTWS, 22T, Reiz ¥ 2EH (=1.986cal/mol-K) TH5A. WL v b OFHERZE
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Fig. 8 Temperature dependencies of the rate

parameters for cold and fired pellets in the
hydrogen reduction.

Pressure ( Kg/em? )
1000 500 100 50 10 5 1 05
71T T T  BRERELAN I S | ’\’-..||v T T TTY vy T T T 08
30 Reduced peliets ‘."
o v dv ;
oy diog D ' ——— Cold pellets %
Ay ; 06 =
.% g ~ Fired pellets ’
> 20 2
. E
[ (8]
5 04~
[e]
> (=]
@ '
g g
he)
¢ 0 A
- >
[} ©
2 -o2
€
3
O
0 " s 0
0.01 0.1 1.0 10 100
Averaged pore diameter , D ( um)
Fig.9 Pore size distributions of the cold and the fired pellets before and after reduction

with hydrogen at 1073 K.
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17) Takahashi, R.; Yagi, J.; Omori, Y.: Trans ISIJ, 14 (1974), 26.
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5. FEBHRRL v FOFETHR

FEBER IS XL OBER 2L » b D He 38 X0 CO 7 ARIGIC dsi B IRICHE P OB ICHER % Photo. 1
R,

BERLAS Vo NI T ROBE L PR S —MRIEB R R 2R L, b A7 3 2 Ak TR
ITLTW D, FEBER~R v v D 1073K 12815 He W ARILTIE{ v v F HABIC S B TK
INTED, P—IEESBERCKICHENERENT D00 By I 2R L, T 5B,

H,-reduction CO-reduction
at 1073 K at 1273 K
Cold pellets
R (%)
Fired pellets
R (%) 0 27.2 | 62.1 3,0 | 50.1
cm

Photo. 1 Cross sectional views of partially reduced pellets.
White: Reduced iron, Gray: Hematite, Dark gray: Magnetite
or Wustite, Black: Void.

RIGHOFRIE 873K T Rbhidb oo, 1273 K TIHEEIC /R LA CO # ARIC L [ERE B
e BER Y R LT, COHAIL CO 7 ARTOEE LFRETH -7, Lihis T, JEBERR
NV oy FOHFARBICICH LU TEIART/RLICL ST RRICEETF AL OEMANETHD L2 D,

e, 1073 K O Hey AFITTIE, XV v FHROEICZERAZE I N T S25, UL, o0
IS TIRBERS (L X2 T Ls e, BB OB TR BEiL Ic/e»TH D, L
L, 1273 K TiX H: 8 X CO & ABRIC & bITBEfSE b ETricd, S X 5 BRIz Rbhiaw
(Photo. 1.

Fro, BILTHOEBER v » F 2B 5O SEM Buc & o THEL T4 5 &, B’ ©
LiRL7aX 90, BERS LV o b &R D, HERIAR TR b 3% « 7 U THREL T
7.

L EOHSRIIKIGE T M X HITFESR L —3T 5. $7bb, 1073K LI FOEE Tkt
Pt L ORICERDBERGIEEIT Lis v fedd, F AR OB S7cifle /e b, De L LT H (=
De/D) ofins k& {lcote. —H, 1273K L EDOER TIRBEE L uETetz o, F ORTTERN
RACEBERR VY MCBLUT AL STt ELBRS,

6. ¥

i

A Y AR Y FIEFER AV » b 873~1373 K I3 % He 38 L UF CO # AT X BRI HEE
AN L, BERL~ Ly N OFER & L TR MR A 5.
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