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Consideration on the Method for Determining the Reducibility of Iron Ores

Hideo SHIMAMURA, Toshikatsu TERUI, Yasuo Owmor1, and Koji SANBONGI

Synopsis:

Reductions of iron-oxide pellets in fixed bed and single pellet with CO gas were fundamentally stud-
led in order to determine the reducibilities of pellets. The results are summarized as follows.

On the reduction of pellets in fixed bed with CO gas:

1) Since distribution of gas concentration changed in axial direction, reduction degree of pellet
became different between the upper and lower layer in fixed bed. As a result, critical value of gas

flow was not obtained.

2) Size of pellet affected largely its reducibility, then the size of sample should be selected to be

narrow range of +1 mm.

3) Both the equation of Ist order reaction proppsed by German researchers and other equations some-
times were satisfied with the experimental values, but they must be studied in more datail to be

used as the method for indicating the reducibility of pellet.

From the present experimental results, it can be concluded that method for reduction of single-pellet is
to that in fixed bed because the parameters (for example, £ or D) obtained from its test are 'able to

apply the process analysis.

(Received Jan. 14, 1970)
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Table 1. Chemical composition and porosity of pellet.

Sample T.Fe(%) | FeO(%) | Si0:2(%) | CaO (%) [Al;03(%) [MgO(%) | S (%) PO(rg/jl)ty
Pellet A 64-64 1-38 3-79 052 2-81 0-02 0-008 20~23
Pellet B 6514 0-89 3-67 0-59 110 0-37 0-004 15
Table 2. Experimental conditions in the present work.
. . Reducing temp. Diameter of pellet Gas flow rate
Series Sample °C) ( mm) (N1/ min)

1 Pellet A 965~-975 12+1 17, 59, 110

2 Pellet B,C 850, 957, 1055 1241 59

3 Pellet B 957 9+2,1241,1441 59

CO/N,=40/60

Sample weight in the reduction of fixed bed=300g

-

1 : Electric furnace 2: Reaction chamber 3:Sample 4 :Alumina ball 5: Spiral tube 6 : Rubber tube
7 : Thermo couple 8: Balance 9:Gas outlet 10:SCR 11 : Electric source 12: N, gas cylinder
- 13 : CO gas cylinder 14 :Gas gauge 15 : Silica-gel 16: Flow meter 17 : Gas meter 18 : Gas mixer

19 : Gas path changer 20 : Manometer

Fig. 1. Reducing apparatus.
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Fig. 2. Reducing apparatus for single iron-oxide
particle,
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Fig. 3. Experimental apparatus for determining the
distribution of gas in fixed bed.
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Fig. 4. Effect of gas flow rate on reduction rate
of pellets in fixed bed.
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Fig. 5. Effect of diameter of pellet on reduction
rate of pellets in fixed bed.
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Fig. 6. Typical temperature change during reduction
of pellet B in fixed bed (Temperature in the
furnace was fixed at 957°+3°C).
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Fig. 7. Effect of temperature on reduction rate of
pellets in fixed bed.
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Fig. 8(a) Plots of experimental data by Ist-order
reaction control (Reduction of pellets

A with CO).
0%
04
«
103 o A
5 7 L7
= o2 4; ]

7,
;7 / © 17%Vamin, 300g ,972°C,

1221 mm dig.

d * 59 . ,300-,965~967°%, 12t &
N T % 110 - , 300+ ,964~970°C,12¢1 » ]
Y, ' & 59 + , 150+ ,970~972°C,12¢1
0 1 i 1 | ] |
‘? 20 40 60 80 100 120 140
Time (min)

Fig. 8(b) Plots of experimental data by McKewan’s
relationship (Reduction of pellets A with
CO). :
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Fig. 8(c) Plots of experimental data by intrapar-
ticle diffusion control (Reduction of
pellets A with CO).
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Fig. 10. Comparison of gravimetric method with

gas analysis on reduction of iron-oxide

pellets in fixed bed.
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Fig. 11. Effect of gas flow rate on reduction rate

of single pellet at 957°C.
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Fig. 12. Effect of diameter of pellet on reduction
rate of single pellet at 957°C.
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Fig. 13. Effect of temperature on reduction rate
of single pellet. '

05 : :
(52 NZ/min, 1221 mm)

04 L2 2
/:’f// el

I3

—_— Vs Wl
03 Kiffﬁ -
b A
L 02 j&gf ,/./
v 51055°C
el
o el x  957°C
- . 850°C

o 20 40 &0 80 100 120 140
Time (min)
Fig. 14. McKewan plot for reduction rate of
single pellet.

— 95 —



1600 ® L

% 56 £ (1970) 13%

EITEE TR JIETHEIEL X5 THB.

70, SBILEECR XIETIEEOREIR Fig. 13 o X
5Iieh, ZOF— %% McKewan Foy b0 +5L
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1= (A —=R)\V3=1/3pks' {C— (c'/K))}t - (8)

LT, 7o FFD¥EE(cm),

ks : RIS #EEEERK (cm/ sec)

pp : BT REHE ( mol (Fe;Oy) / cm?)

C': RED CO: JREE (mol/cm?)

C : & #H 24 thrh DCOYEEE ( mol/ cm3)
K : FeO+Hy=Fe+H,O FJEOFHEL

(BIRITH VT ro BHTFOREEE LBERE»HFHE
L7cHSENPDRD. EREGHT TR C=0 LEE
Eh, TOHEREREE Table 3 TRT. ZORGERE
G ks WEEEICIXREIC X B5ENR LV RV WER
Vs, TEHIRMD 513 9~15 mm OREFHEICI VT
—EEHE L TRV FE>TEI L.

4. E =

AR CREIEFETCEVWTH AKE, BEORE
ERFL, SHRMEMIKE TS H R IBESHOBIEE
fTleofc. FRABERIT>WTIR, BETEMCAVLRN
TV»ERVy PRV TERIMEE 5 5 T LIXFRAFER
<, BRI DWTIE, SRR O a2 B X
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RO WCEBLT, ZTOEFVORLEERFTL TV 5.
LOFEEFNVTIE, BROFAFNLELTER b UK
WERELTEY, BRCE T 5ZEMBSAIZ—FELE

Table 3. The caluculated value of rate constant of
chemical reaction (k).

i : Rate constant of
Diameter of | Incline (measured ) !
pellet (cm) | from data) %ﬁ‘::;liﬁn;eac“on

0-98 0-0052 494
1-20 0-0040 462
1-41 0-0033 440

BOCEFEFMTEKT D HAES T, NTFORTRS
ik BELTWS. IhHDORER, FERKC AW
RUy FEBOX S KHREER XL, SHITERERTH
WERIS ER L ORPIE kT #Y LLTh, KRR
BB X UBERESL O X 5 i FHBIBKR O frF-¢ JIS ©
FIGER LREHE (2041 mm) O&E TRESZLIT
.
fekiEmaRBREONL, B oNmBEERARITA
BTV 525, EAMDHK R IRESHOBIES X ORF
BITRS M OBERE RIS, WFETRSHIILURLH
SORIERECEEZREL TVWAE LD LEDNS.

BElEFEToER» S, TORBOWETHDMS %
AIHETEZRD IS T30 b, | KEGRL
McKewaNn ROEREIC2E BT L BE, micthid
DEBEL LT TN HLBEFRAOWREERIH S &
LTd, thboEBRROZMBCEME DD L LD
KL NI ER BT 2 b ONTIRERTOEEL
HINT A —RWRE) 2 EBbh5.

—%, CO-NBEH 2 #RVIcB—R T DRI T,
F AR, WE ORI X O IHRE OIREREE R B
L. TOBREFTAMRITOVTIE, FFROBMEE
TdH 5 RISHEGL RPBEERICE L, 7 5EBEH,
WSTHESL & DB 5 D Lol /N S W BIE 2 B A L.
FOERICEBSZIEORL v M EBWZIE bbb
¥, McKewan ORZEHAL T, 9~15mm ODORFE
AT D TC—E & #7085 JGEE TR ks DEN
Boh, 72 1241 mm OREICE VT 850~ 1050°C
DIBEREC 5WwT Br3o EiEfb=avE - LT
8'5kcal/ mol H3E 5N 7c. ‘

E—WFiclos3BREIERCLL, HFEFED/ ¢
2 =2 —RRONDREBH 52, MFHEEIR K[
R, (LR R EOLEBMR D570, REOREMHEEL
THWSIEEE, T OEROIBER XU Thiciks5<
FRERREEBLETHS. LrLl, TOERFEEK
BEDODTHY, BAEEETHEBEORERZ LB T
EL00 EVOTESLL THRDS B0 Tidizyv, B
EE-RTOETLORFENEF VB IEFRILD 54
EEE R R SRR AT b T 5 . L LEB R,
BEERITITR WD, AVEML D OREEFHICESR L
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SAfTibled ok, 58, HRMOREDIETEL
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