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Fig. 1 Diagram of fluidized bed reactor.
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Table 1 Chemical composition of irort ores for pre-experiment (wt %).

T.Fe TFeO Fe.0; Si0; ALO; CaQ Mg0 S C.W
Brazil 65.20  0.20 93.00 4.29 1.32 - 0.14 0.005 0.66
Swaziland 63.65 0.18 90.80 4.68 2.15 - — 0.014 0.31
Hamersley 62.10 0.22 88.54 4.45 2.56 (.22 - 0.014 2.22
Portlady 61.19 0.20 87.27 1.63 3.30 - 0.10 0.052 5.45
Goldsworthy 65.85 0.08 94.06 3.30 1.25 0.10 —  0.125 0.72
Goa 62.95 3.70 85.88 2.07 2.61 0.10 0.20 0.025 2.50

Table 2 Chemical composition of iron ores (wt %)

T. Fe FEO FEZ Ox SIOz Aleg CB.O MgO S C. W
Mt. Newman 61.48 0.29 87.57 6.47 2.76 0.06 0.06 0.011 -
Rio doce 65.06 0.09 92.92 4.13 1.11 0.03 0.04 0.006 -
Dempo £2.60 2.04 86.57 2.44 2.26 0.03 0.08 0.012 5.24
Romeral 66.25 28.42 63.14 3.91 0.81 1.23 0.79 0.052 -
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10— 1

Velocity. v (£ /mi)

|
10 10°

N, Pressure, &p (mmH,0)

10°

Fig. 2 Inspection of a flow meter for N,.

o

10° T T

Velocity. v (£ /min)

10 102

H, Pressure, Ap (mmH,0)

Fig. 3 Inspection of a flow meter for H,.
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ARERETLHIFBER NS TBHILNTE
ZrEZl. LA > TN,HB600C T unf & Ml
F L, 20C @ umf &1z Fig. 41278 F,

200 T T

O N,;at20C
® N,at600T
A H,at20C

100

501

4p (mmH,0)

201~

L1 | I
2 5 10 20 50

umf {om/sec)

10 ! | L1
1

Fig. 4 Decision of umf values of N, at 20°C,

600°C, and H, at 20°C.

ZOERY 5 N,H600T 2% % umf 134, 2Zem
Jsec Th b, ZD3fED12.6em/sec & 600 12
B2 N, OFE &L, (DRITHRT K 9 12500—900
Tz w3 N, imE & FEE BT 547 A%, K
B THIE L 23 EES R % Table 3108 ¥ . BHH,
WEIIDVWTHEREIIEST S N EZ S &2l
T, No, H. D4 AEJE, $aES UM EERL,
N, = H IO H AR 0L 2 & 2T EE A DR
(b A U vk 9 122 T H B ZRD, €
DEELER S Table 31”7,

(600%) ¢ 600+273
M

T+273

U= 3 umf (600C) X £

O O P

Table 3 Gas velocity and gas flow volume at various temeprature
with fluidized bed reactor.

Reduction temp. (C) 500 600 700 800 900
Gas velocity {em / sec) 15.39 | 12.60 | 10.62 9.09 7.83
Gas flow volume (£/ min) 9.30 7.61 6. 42 5. 49 4.73
Gas velocity (em / sec) 16.27 | 13.49 | 11.48 9.83 8.46
Gas flow volume ( £/ min) 9.83 8.15 6. 94 5.93 5.11
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Fig. 5 IR ¥ X512, IMRFETEHEI 2w, 3
BOE S HE ORI EHE U 30K EmR»
5, BRLLTIZEERY — P2 L0 iL, 2
T AL E D AR OIGE G U TBR AT
EBEIZL e, WIEICHAZVEBHKZ0.1A &
U, REFI0T /min O FHEIEEE TMEL A5,
B (mV) 25t &8 1CHllE U TR SIER & 5k
7=,

1. Sample 6. Potentiometer

2. Cu net electrode 7. Electric current (0.1A)
3. Spring 8. Temp. controller

4. Electric potential {mv) 9. Recorder

§. Thermocouple 10. Heater

Fig. 5 Electrical resistivity measurement.
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Table TIZJRL 72 6 #ARIZ DWW T, RO 5
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@ «
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- &
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Tadle 4 Fluidity of iron ores during reduction.

800°C g00¢C
Portlady fluidizing fluidizing
Brazil fluidizing fluidizing
Hamersley weak sticking weak sticking
Swaziland weak sticking weak sticking
Goa fluidizing sticked after 15min.
Goldsworthy sticked after 15min, sticked after 10min.
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Photo. 1 Scanming electron micrographs of
surface of iron particles reduced
at 900°C for 30 min in H,.
(2] reduced Brazi iron ore
(b] reduced Hamersley iron ore

[¢) reduced Goa iron ore
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10° 0 Brazil i
A Goa
® Swaziland
A Hamersley
g
@
<
5107 i
P
»
()
P
(o]
®
[}
ob]
)
10 |

| 1 | | !
400 800 300

Temperature ()

Fig. 6 Variation of electric resistance of
iron ores.
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B4 (32~60 mesh} 75 g & 500~ 900C T 30 min
Wotl, ZOMICATE DR &8 |Dy Y7
Uy 7 EIT R, BELEICLDEILEERKD
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40— . 1
()
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0 ). L ! | |
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Time (min)
Fig. 7 Reduction curve of iron ore : Rio doce,

Reduction (%)

Reduction (%)

100 T T T T T
Temp. (TC) o vJ
Dempo  gpp
30 7
60
40
20)
0 | | ! |
0 5 10 15 20 25 30
Time (min}
Fig. 8 Reduction curve of iron ore: Dempo.
100 )
Temp
Mt Newman
8o 800 7
500 8
{ ] | ’
1 20 25 30

Time (min)
Fig. 9 Reduction curve of iron ore:Mt. Newman.
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AR T A0 I s OFEEII DV TE ”ﬁ?&
MORMEE B % -7z ZOFEFRIT Fig. 1112

Reduction (%)

Electric ra resistance {Q)

100 T T T T T

Romeral

80

(=23
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by
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(A=)
=

30

Time (min)

Fig. 10 Reduction curve of iron ore . Romeral

-

U ] f

10 i
1 a
o Rio doce
® Dempo
2 Mt. Newman
4 Romeral
-1
10 Lyt | 1 1 1 1 )

400 600

Temperature (C)

800

Fig. 11 Variation of electric resistance of
Iron ores.
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1. Pressure regulator. 9. Sample holder,
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Fig. 1 A schematic diagram of high pressure

fluidized apparatus for reduction.
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Fig. 2 Pressure drop versus gas velocity
for pulverized iron ore (0. 15~0. 25mm).
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Fig. 4 Sintered layer in fluidized bed during
reduction.
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used for reduction test.
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Fig. 6 Effect of preheating furnace on
reduction of pulverized hematite ore.
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2. Preheater furnce 7. Pressure controller. PR Pressre recor der.
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4. Aglator. 9. Sample holder.
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Fig. 8 A schematic diagram of improved high
pressure fluidized bed apparatus for
reduction.
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Fig. 9 Comparison with continuous and batch
condensed water method for the
measurement of fractional reduction.
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Fig. 10 Curves of H;, N,, and H,0 densities
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Fig. 11 Change in reduction rate and efficieney
analyzed by first order reaction under
varicus hydrogen pressure at 700°C.
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Table]l Chemical composition of iron ore
(Dempo) .

Size Composition  (wt%)

Sample
(mesh) |Si0: | Ti0.| CaO|MgO|ALO:| K:0

Iron ore|60~1002.44{ 0.17) 1. 31| 0.15| 6.28| (.18
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Fig. 1 Diagram of microreactor.

CVi, CV:, CV: : Pressure control valve.
MV., MV: ! Magnetic valve.

DT : Degital timer

T :H:0 trap

P ! Pressure detector

R : Gas flow meter

TC : Thermo- cuple

Table 2 Experimental condition of fluidized bed and microreactor.

Reactor Flaidized bed Micro reactor
Bed dia. 60 mm ¢ 8 mm ¢
Sample wt. (W) 630 g 2g
Bed hight 133 mm 23. Hmm
H: pressure 36 kg/cm? 6 kg/cm?
H: flow volume (F) 21 molH: /min 0. 069 molH: /min
Gas flow rate 25.2¢em/sec at 700TC 27.9em/sec at 7007TC

B=F/W

0. 75 molH: /mol Fez:0s: * min

0. 77 molHz/mol Fe:0;3 + min
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Fig. 2 Reduction curves of iron ore in
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Fig. 3 Reductin curves of iron ore in micro-

reactor as a function of sample

weight (0.5~2g ) under 21kg/cm?

hydrogen.
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Fig. 4 Reduction curves of iron ore in misro-

reactor as a function of hydrogen gas

flow rate (0.7~0.45mol H./min)under 21

kg/cm* hydrogen at 700°C,

BEOTHD, Rb b AAFHEEDEIIZ & E 50

BILEEDEMARBD 5N b, WTIhOBEALE

3 BT R E 1 L AR & o
FELN S,

32 BERIGIVAZFRTICHITIRLE
L]

BRADFERZ & L 12, KBEAOEICREIZ K

ETRRAAS2IZT 20, AEEL 05 &

1.0

o8 b Temp 600TC
Sample 0.5g
Hz 6kg/cm?

0.6 - / H2 Flow Rate

(N1/ min }

0.4 f 2 30 o
/ 2 e

0.2

4 6 8 Time (see)
Reduction curves of iron ore in
microreactor as a function of
hydrogen gas flow rate under

6 kg/cmz at 600°C.

Temp 600
Sample 0.5g
Hz 1lke/cm?
O/ Hz Flow Rate
(N1/ min }

0.8

o 10

> e o0

30

ki Il
5 8

Tme (sec)
Reduction curves of iron ore in
microreactor as a function of
hydrogen gas flow rate under

11kg/cm? at 600°C.

Fig. 6



(32)

L, EBITCEREICENTKREENZTEICL 25
A:m%ﬁﬁéwmé% FARBENEVTIE
WE AR 7, U DIZEICERE 600 C TRE
Jj—:jj 6kg/emt 2B W THEZELIC X 2B D
75k % Fig 517, llkg/em DA% Fig 61271
FIRT, £/, BIGERE700C TAELEN 6,

1.0 —I

0.8 | /O Temp 7007
Sample 0.5g
H: 6 kg/em?
H: Flow Rate

0.6 (N1/ mun )

0.4

&
e O RD

0.2

8 Time (sec)

. 7 Reduction curves of iron ore in
microreactor as a function of hy-
drogen gas flow rate under & kg/cm?

at 700°C,
1.0
- —
Temp 700C
0.8 A/ Sample 0.5g
H:  1lkg/em’
.//__ H? Flow Rate
0.6 / (NI/ min )
o
| | 10 [m]
£ 15 u
0.4 F
/D/// 20 o
o 25 *
0.2 - 30 A
32 A
0 i 1 1 1
0 2 4 8 8 Time (sec)
Fig. 8 Reduction curves of iron ore in
microreactor as a function of hy-
drogen gas flow rate under {1kg/cm?
at 700°C.
1.0
0.8 S Temp  700°C
4 Sample 0.5g
Hs  16kg/em?
0.6 H: Flow Rate
{N!/min )
4 10 O
0.4 20 o)
<! o
D/ % ¢
30 A
0.2 3 N
0 L L { !

0 2 4 6 8 Time (sec)

Fig. 9 Reduction. curves of iron ore in
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drogen gas flow rate under 16kg/cm’
at 700°C.
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Fig. 11 Reduction curves of iron ore in
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Fig. 2 Experimental apparatus to measure
temperature and pressure within
the sphericale sample during
reduction. "
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Fig. 3 Experimental apparatus for high
pressure reduction of Fe:0:
sphere.
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Table 1 Residual oxygen in reduced iron
containing foreign oxide and

carbonate.
Residual oxygen in iron
Sample (wt %)
No addition 1.15
5% K,CO; added 2.83
5% CaCOQ; added 1.78
5% MgO added 1.53
5% o- Si0; added 1.22
5% a-Al,O; added 2.45

Table 2 Oxygen remaining in reduced iron
obtained by gas analysis.

Analytical result of ox-

Specimens ygen in reduced iron(wt%)
5 wt% e-Si0, 1.60
5 wt% amorphous Si0, 0.83
5 wt% a- Al, Oy 0.12
5 wt% - Al Os 0.53

(Reduced at 900C for 4h in H,)

(—H

Quartz tube \\

Furnace —|
— Sample
—1 4 A
Thermocouple Ia]/
Temp. controller
G | avmn R s
s ©
s L |
Recorder ~ — :1_ é‘ — water
l:l-———’]g* ~ Spring
[T
— 0 ——-—H2

control coil J

Fig. 1 Dilatometer for the measurement of
expansion / contraction of iron ore
compact during heating in H,.
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Photo. 1 Reduced compacts containing 5wt %
of K,CO, reagent

(a) Reduced at 700°C for 30min.

(b) Reduced at 700°C for 30min. in CO
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Photo. 2 Micrographs of iron compacts containing foreign oxide reduced
at 700°C for 30min. in H,.

(a) No addition

(¢) 5% CaCO, added
(e) 5% MgO added
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BDEDODIETH S, Wi

(b) 5% a-SiO, added
(d 5% «AlLO, added
(f) 5% K,CO, added

Table 3 Total carbon content in reduced
iron containing foreign oxide and

carbonate.
Total carbon
(wt %)

No addition 0.81

5% K.CO, added 3.17

5% CaC0:;  added 5.47

5% MgO added 1.84

5% a~Si0;  added 0.19

5 % a—A1203 added O 31
PR, WIN2ERTIHADEERENE N ED
&, TEEEF DL Y L IBRERR A A5 A
Do BE, a—~TNMITEREDOLDIE, BMELR



Photo. 3 Micrographs of iron compacts containing foreign oxide reduced

at 700°C for 30min in CO.

(a) No addition

(¢} 5% CaCO, added
(e) 5% MgO added
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Fig. 2 Results of XPS analysis of (a) : O(ls),
(b) . C (1s) before and after bombar-

ding on iron compact reduced at 700°C
for 30min in CO.
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Fig. 3 Reduction curves of green or indurated
hematite compacts containing oxides.
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Fig. 4 Expansion and contraction of green
hematite compact containing silica or
alumina during heating in H,.

(heating rate : 10°C / min)
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Fig. 5 Expansion and contraction of indurated
hematite compact containing silica or
alumina during heating in H,.

(heating rate . 10°C /min)
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Photo. 4. Scanning electron micrographs of green or indurated hematite compacts
(heating rate : 10°C / min)

during reduction in H,.

(a-1)
(a-2)
(98% reduction)
(b-1)
(b-2)
(65% reduction)
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JEX & & B R OBOIZIEFMOER2R T, 21
FHIZDWTKERITLT 5 &, BILHHEIH% E TR
FERE, BV T ORFLEEDL KF CHM
T35, B%L ETXERFORILERIIFIZR
BT 5. LALLZAEREREDHEAITEIHEMNL
W& D[/ILEFE DR TTRT O SIEE DIEIZE D <,
Z OEMIIEER(IEEORAR I, b5 TR
UM AR L T3, i, EfEm{tozEL L
Tix, ERERCIEH T VEEETIE S WA, BERIE
TIEEERMZECLOOE PRI CETRICHT
U TRALEEMED» TR E W, SR ##195% %
TEILLZBDOA[EHIBEML THD, £

green comact before reduction.
green comact heated from room temp. up to §50°C.

indurated compact before reduction.
indurated compacs heated from room temp. up to 650°C,
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Photo. 5 Scanning electron micrographs of green hematite compacts containing
foreign oxides kept at 850°C for 1 h in H,. (heating rate : 10°C / min)

(a)
(b)
()
(d)
(e)

no addition. (100% reduction)

5 wt% o-Si0,. (100% reduction)

5 wto% o AlLO.. (100% reduction)

5 wt% amorphous SiO,. (98% reduction)
5 wt% »ALO,. (98% reduction)

Photo. & Scanning electron micrographs of indurated hematite compacts containing
foreign oxides heated from room temp. up to 800°C in H,. (heating
rate . 10°C / mim)

(a)
(b)
(©)
(d)

5

5
5
5

wt% «-Si0,. (98% reduction)
wt % amorphous Si0,. (98% reduction)
wt% o-ALO,. (97% reduction)
wt% 7-ALO,. (93% reduction)
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Fig. 6 Change of pore volume in different
compacts and indurated comacts during
reduction

(green hematite compacts and its
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oxides, )
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Fig. 7 Change of specific surface area of
different compacts and indurated
compacts during reduction.

(green hematite compacts and its
indurated compacts containing foreign
oxides. )
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Photo. 7 Macro-observation of green hematite
compacts containing silica of different
size particles kept at 850°C for 1h in
H,. (heating rate . 10°C / min)

(a) 5 wt% o-Si0,. (100% reduction)

(b} 5 wt%amorphous Si0,. (98%
reduction)

(c) White layers . 5 wt % o-SiO,.
Grey layers ;5 wt % amorphous
Sio,.
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Photo. § Macro-cbservation of green

hematite compacts containing alumina of

different size particles kept at 850°C for 1h in H, after heating
(heating rate : 10°C / min)

(a) 5 wt% o-ALO,. (100% reduction)
(b 5 wt% 7-AlLO, ( 98% reduction)
(¢) White layers:. 5 wt% o-AlO,.

Grey layers :

5 wt% y-ALO,.

Table 4 Results of X-ray diffraction of specimens before and after reduction in H,

Specimen amorphous
Condition 5 wt% e-Si0;, 5 wt%  Si0, 5 wt% a-ALO; 5 wt% 7-AlO,
a—FeZO3 G—F6203 a—Fean Q’“Fezoa
a . 5.032A a. 5.032A a . 5.023A a . 5.0174
1100? in ai j ; i ]
00C Bh in air ¢ ©13.724A ¢ 113.724A ¢ :13.666A ¢ 113,677A
a- Si0,
7-Fe; 05 7-Fe,0; y-Fe,0; ¥-Fe,04
o R F€304 F6304 Feao4 FeEXO;
700C in . FeO FeO FeO FeO
. . Fe Fe Fe Fe
10C / min Fe,Si0. Fe;Si0,
a-Si0, Si0,(tridymite) a-AlO, FeAlLO,
WIETIE, a—~v¥A FOBFEHI Ma—~ EATHUESIZ 23 ZHFEVZOELYIDES

<4 b (a:5.0340A, C:13,752A) 1TH~T
FELEASBLL TRV, a—TNIF, £
iy =TIV FEAEDLDIETALETFEEL
INELBILLTWS, 2N5%2700C £ TELT
ZlwtFhy y—~vyf bRy MPRED
5T, EPIIT AL N EGR#SOY -7 HFE
BWERBIERIT, YIIEBOEDET AT
4 M Fe,SiO ) IV b, Floy—7
NI FEBEDOLEDIFAC R (FeALO) D £ £
NEPIZERL TWE0IRD 5N b, —iki,
ANTH A b ET NI FIZII00C TR Y 6 &
BT 2™ 0, ~v & A MAFOBREIE TR
E&MIEd 28RS CBERHERE S 5. L
U %A 5B ITIEE CEERA L B 510N
AL TWAaT VI F2ET 20T, i

LRELRD, ZOREEBROBHEZELZD
DrEZLEND,

—F, ~"wFZ LR FNFRERRTHT A
WCRSERATED 50 AP REIE L 2 WP
PR IR OBBE ATy { PRFORESL
BELI U 72 dRFE TRERE, T 2B T L D
EEZLbNS, T, TNV T EENAL 2BEK
ROBILHEA L) I DFEIZEARTUEL L 5D,
BRI I GBS 2 > TV A & Eb
N2, &k, TVITERALEBEREEERL
VTR L 2BAE, o BEA S Mg IR
TRLEN G720, HSBEOREIPE, BT
ROFELWETRPREOBRENIREBADTH S
7o
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Table 1 Chemical composition and diameter of reduced iron particle

Composition (wt%)

Diameter (em)

Sample

Si0; | Ti0, Ca0

MgO

AlO; | K0 0

Reduced iron | 2.40 0.32 0.46

0.13

2.10 0.07 200

B SRR S ISR IR A & N - SRR 2 B
EO—NVEETLZELEDY L, A EASEPERL
HDE LT, Photo.2 & Fig.2 IZRT LI IC
ACERID O FREHE T — VO - ThnEg, ERR
PR o X — B SRBAERRRE NS L I IIE
1 HEfiw U 72,

BT OERME, Fig. 1 OEE OHA,

Photo. 1 Apparatus of vertical type hot-rolling.

7 . Nozzle of N;
§ : Heating chamber 8 ! Coolng gate

3 4 : Screw feeder
2 }Feedlng gate

6 - Shield box 9 ! Heater

3 . Roller

Fig. 1 Vertical-type roller ‘for hot-roliing.
Table2 \RTHMHTIT 272, T4 bbb, BEF
FH DB AN TR TTHRG & 700 TIofRiE L 724K
RECAY ) a—7 4 —F—ICERTAETHEEL
THEERT VT LIAL, EERTHIL TRR
Bz B L7, Fig.2 0EFDIESL, Table
SIIRTHRETIT-o 20 TOHBAE, u—-vEL
NDERFHTIF T 700 Tl s Wz @nskh %
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Table 2 Condition of hot-rolling as shown

in Fig. 1
ROl diametars ererrrrrersseresrmranrinminsmenesmmemenn 55mm
ROl Width  errreeerersressiomeresiisinerenininsinsrnnnns 50mm
Opening of rolls +oreesemsmmniiniin. 0 .4~0.5mm
Rolling speed «+swermermemememmmiinness 10rpm
Feeding speed of screw feeder ««-++ 14kg/h
Heating temperature «:-eresessosermemamen: 700°C
ALMOSPRET  w+reeerrrerresressmeremmm e e N,

Table 3 Condition of hot-roling as shown

in Fig. 2
Roll diameter secrrrreimrieiaieiieiirinaeerieannss 200mm
RoOIl width  srocrerermmreriiiiaciicicrireisennsinnnas 250mm
Opening of rolls rerrerrcreeriininiiin.... 0.7~0.%mm
Opening of hopper sererreiriiiiaiinnn., 2~ 7 mm
Hopper Width ceerrerrireiicii e s e e 25mm
Rolling speed rweeoveciminninn, 2 ~5rpm
Heating tEMPErature -« :rcoerrererererisinarionnas 700°C
ALMOSPRED  tvrrrererrrrrerinri e e e N,

o @ o)
0 0
o} o
o o

KEHFIZHT 2 FHEBLROEIE N, Fig. 3 105
T &I 2ERRT EFRIMEERIF Ay, AER]
DFFHIRRICHN AW E S ITESERG R TR
BILERL LD DT REFME L 2EETL &
KOTIT 5720 F 2 HEMEOBEITE LA THR~
mENIIEERTEEHN AL TS BET 3T,

[ E S <~ Balance

@ Infrared ;“;—— H,O
@/ imagefurnace —
Recorder
2 Sample é y
H, O_._L ]

A

Thermo-couple

& ]
6565
DDi]

¥
controller

Fig. 3 Balance apparatus

{ : Heater 4 :Bottom shield box 7 : Upper shield box
2 : Hopper 5 ! Spiral tube 8 . Water jacket
3 {Roller 6 :Hole § | Sheet gide

Fig. 2 Horizontal-type roller for hot-roling.
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Fig. 4 Re-oxidation of various kinds of iron
powder during heating in air.
(heating rate : 10°C / min)
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Fig. 5 Re-oxidation of veduced iron powder
during isothermal heating in air.
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Table 4. Re-oxidation properties and the size of hot-roling sheet

No treatment & Hot-rolling
Treatment L ‘

cooling in air Apparatus of Fig. 1 | Apparatus of I'ig. 2
Oxygen (%) in
reduced iron 11.3~13.4 0.7~2.8 0~1.5
except gangue
Re-oxidation
percentage (%) ,38 45 2~9 0~4
Sheet width (mm) 33~37 20~25
Sheet thickness (mm) 0.5~0.6 0.4~0.5
Sheet density (g/cnd) 2 5~3 3~4

FNFNOBLESM (Table2, Table3d) T fi k
7 FEREAR OTitER L% 12D T Tabled (2R ¥,
% BHEEO -1z, BiRBREEF L RSP
IHUB L 2R T OBBEAARLTR LD, W
FROBEL KERFIKR L2 b OIS THR
fbir E3BEEHEREID LV, ELMEEIILS
FEEIE, Fig. 210R LR FERI2 BFa— ik B
HHTERARETHY, TNATHELIZLS
BEEEELLZVONRBDH LN G, N, I
B BT AR D — VIZEFEE S N S HD

BERT AL S, Fiie—-WEIREVDOTE
ERFICERR T ROEZ 2 RIFIZLZE DL /bD
N3,

3 - 3 EZROAEMEICDVWTOHRET

wELHIEO BT, Fig. 1ioRL/-EELH
vy Table 2 D &R TR ICHK & SR P RMIEIE L
FIFIERR, B S5 THIZE700C, 800TC, 900
CTFNFRAZEFOmn BefE Lz DO &
Photo. 312, ¥/, I &M OUTH O EEE
BHIC & 5 HiEREE S 4 Photo. 4 127k ¥, Photo. 3
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Photo. 3 Sintered iron sheets after reduction and hot-roling.

(a) before sintering.

(b) sintered at 700°C for 30min after hot-rolling.
(c) sintered at 800°C for 30min after hot-rolling.
(d) sintered at 900°C for 30min after hot-rolling.

Photo. 4 Scanning electron micrographs of cross section of reduced iron sheet.

(a) before sintering.

(b) sintered at 800°C for 30min after hot-rolling.
(c) sintered at 900°C for 30min after hot-rolling.
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Fig. 6 Re-oxidation curve of reduced iron
sheets hot-rolled at 700°C and sintered
at various temperatures.
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Fig. 7 Parabolic plots of weight gain during
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Tablel Chemical composition of reduced iron powders.

Composition ( wt %)
Reduced TFe |Mno | Ca0 |Mgo |ALO, [Si0; [TiO, V20 | O Condition
iron powder
1.27(in gangue) | after separa-
Dempo 96.76] — 10.3110.0640.91|1.16}0.27 | — 1.8010.53(.11,1 iron) tion
Sweden 96.82] 0.07 1 0.07 | 0.28 | 0.30 | 0.21 | 0.26 | 0.28 | 2.32 {0-63{in gangue) |after reduc-
1.69(in iron) tion
lO‘P‘S}Ni‘C\Si Mn | Fe | Mo | sige (u)
Carbonyl iron | 0.16 [0.001] 0.01 | 0.01 | 0.03 0.0310.01 | Bal |0.01 2.0
Atomized iron | 0.08]0.01]0.0210.05|0.004| 0.04 | 0.23 | Bal |0.02 | 27~125
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Photo. 1 Apparatus for hot-magnetic separation
of gangue from reduced iron powder.



Sample N,
Turning lever

/

r—1
O O
(@] O
2 o ©

) R o) —— Heater
— o o o
O O
o|lWw: o)
O : O
Shield box

|— Magnetic

1 4

A.C coil
2} Thermo couple 6] et
5 5 D.C coil

9 Separation plate
10 Shutter

7 Gangue
8 [Selected

iron powder

Fig. 1 Hot-magnetic separarer for reduced iron
powder.

JIBE L. s BEEREL, ¥ERLTT
EoNETTE (BEESER [ 4.2w%) 2RA
L7z DIEAREFI0C T lh, £ A2EEETTES
NWBnskk (BEESHER  3.6wt%) ¥ EAL -
b DIEARESRSOC T1h 2 A FHbEdE L, Sk
JERE U 7z [FRERR, BOEIZAKFEFWOC T, #EIL
T00C TZhTh1hBE% £ U, fERkOZRES (910
CT)REELC a kOB TIEREE B $ L 45
[T 9 32 U 90 SmmD HRH (TE T2 1 90%) 121t
L7, A =T VRS OBETHK 20, 40

Separaler

(61)

wt% DEE 5 LRSS L TR S Bk
THE T B2,
BEWARED T - EERPO2EBRERIZH
B ASTEE (BEEE I L SHERE) #HW
ToHfrlze N6 OEESEL F LI (FEEH
IO L EED) 03RRI A v 2
o B TIT VY, Faaay FEEIX2.0
mm/min & U7z, FEREBEZ & UMR OB
SR C, F 725 [5R 0 iRER% DR DT A %
BETEETEMECIT-> 2, FEREZ S ICED
B2 F LBOIROE SHIEL, SrMNEES (w4
sa¥yh—-A) IZXYFEI0g, 30secTIT-
7o

BTS2 RE L AL £ LRPICoET
BRGSO FARIE, EPMALZ &V ESF CEM:
Lo BUREOHE*ESET 520800 217
), Fe, Ti, Al, Mg, Ca DEE LI % &8/ 5 AED
LD b, BEIDVWTUEAT YA FOBEEREZE
HEAR E UTRY, Bt s B #EiT
Philibert, Duncumb @U&HX?@ES? Duncumb, Reed
DEFESME”, Reed VBT 128 & T
= D R Y I Nl S e A s SR
i, HEIEETIE20kY, AKERIF1.5~2.0 X
10-8A L L 7=,

3 EREREEE

31 IRERSOIBICONT

MEE TERRE L S N8 & BT 2 T
BIZDOWTHAIRE RNz B TH 55, 20
Wa, BERHEBRORES P E Vv L0z o0nTt
BBZED T 222 A2BEL, BTEEDE
BIEZRz 220 10mE I FIT 3BER OIS
PIZDWTHRE &M % 7=,

Fig. IR L 2l BEE @M 2 L+ B
W I, EUBICERII B 3RS
TRROERMELE 2T, 2HEE (DN R /18 AR
FEX100) DEL# KD 72, ZDOEFELFig2 12
Tt K5, EifBRIAEHhd Z&I12L-5T,
LARBIR DB TR S 1 5 HBER O iR O Rk
EAENL THZDF b5, ZOBE, Hiik
B A IATRFRRE IR HOAD b 7 2 THBEhEE A
mLELEH>Tw3E,

KIZ, FIERE (5007, 700C) 12 #1F 23 AR
BLE & BOREBIRE & OB 4 Fig. 3I0R Y, 204k
Raed i, HARBEREIZL3BED L4 WEll



Sample temp on feeder{C)

Efficiency of separation{%)

(62)

80 T I I

D. C. cail

70

[p)
<

(928
[=

e
o

[We]
(=]

[
=

10

)| | | | |

0 L‘) 3 3 4 5 6
Current of A.C.coil(A)

Fig 2 Adeguate condition of A.C and DC coil

current for separation.

200 T T T i
Charged sample temp.
e 500C 0
O 700C y
1001~
0]
0 ] | | I |
0 20 40 60

Charged sample wt(g)
Fig. 3 Dependence of separating sample temp.on
charged sample weght.

F(20,40g) #WT, FHARERERE X SHEE LD
FRES sk, ZORREFIg AR T, M5,
P OAGGRRL AT Y 4 A GAK [ 40 g, BAE SRR
B 500T) OSBRI E WA, mE LRIV D
BEEDOM TS 2 TH D, HE- T, BOERRZH
%ﬁ%%?%éﬁﬁﬁ?éﬁ&wtbm@,mﬁ
EREARNR A & T & 5 /2 1HE < (J100°C Hi %) 8 2
TIFHIZEHFALEEF L L afEREL -, 22
BIRE 5O £ B ISR 2 v THEERRILES
R AR I T IR+ E 2 2B IT0ELED
%, '

Efficiency of separation( %)

o>
o

~3
o

(o2}
o

50~ Sample wt. _
® g
AN T PY
40 — —
A
O? 1 gé 1 | ] ! |
25 300 400 500 600 700

Charged sample temp. {C)
Fig. 4 Relationship between separation rate and

charged sample temp.
3-2 MR AEEETL #n, ST
EIRES OSBRSS L F LK
TR~ s 4 MEFREBELL 2 F F OB
FLOBDIRGD &ET D720, Z0OHkOBERHE
DR AMIUZFEERRETH 27, BHEIZLD S
BTx3lRADeBRELL-LD (BUBREL.2
~1.6wt%)id, HumlZHiR#mTable2iI3 L /25
BORIEL, R R, 28BS, SR
FEH1200C LUF Tl 2 OB OERA TIZ6 2 52
WESELN WD, X UHIZEEMRIZE0T,
ThBEERIEHE L . KIZAEDG0T CLho Bkt %
Mz, ZOHOTHE & FEHOBEYELIZLDIES
0.3mmDIRIZ L 7= B 5 N OTER % 5 UF
% DIRE R Do IR % Photo. 2127”3,
EPMAIZ & 3 &S OEFTOERS S, RO
WA A I8 L TVWADREb 5N 5,
INSRMOFIEED #EAERIE, Table3 (23T
EBNTH D, MEROBEEM OB ITLTYEE
NI AE S, FmULHEYEWELRL T3,
ZHZERSIRAEDIZEAMALATEES 20 5
Nao
KL, AL—=FTrw A8 A MERERETLL
T EOMMNIEIRG S & L TRIL.5wi% RS L2 E
FNTVAVWOTHBELEL 20w, ELBOF
WA i L, TORFou fEE I
Uy 2 T Table 20071 L 72 & 9 IZIE MK
T#%900C Tlh/kFdp CREfSR, Fhd &fEkizL
THEREBEE 5 3 UM & R 7 R OERER &
Z DIRA S D5 TR #Photo. 31233 ¥, 7~
ARILEN 2 5 ORI TREZIRE & 7 A
A LOPEEONBRLEND, ZHSRMOB|E
NEBERIITable3 123+ & 127 v REILEE



Table2 Condition of preparing reduced iron sheets.

Sint i
T SIer 1k olled &
Process Reduction Press vac. |Press H? annealed
3. 3t/cni 50% ~80%
Temp. L 700C 1250°C 900 C | 700%C
Dempo Time I 30min 60min 30min | 1hr
Gas pressure . 2lkg/cnf, Ho
Condition Gas flow rate @276 ¢/min
Temp. 1 900TC 3. 3t/cnf 900C | 43~ ~87%
Time ‘1 hr lhr | 46% 700°C
Sweden :
Atmosphere s latm, He in H? lhr
Gas flow rate : 100cc/min
. . Compact Sheet Sheet
Material Reduced iron powder 5.7X96. 5X3mm thickness 11 .5mm 0.3mm

Photo. 2 Results of EPMA (Si,
Ca, Al, Ti) of areduced
iron sheet containing

gangue minerals.

Table3 Result of tensile test of reduced iron sheets.

Sample Oxygen (%) |Tensile strenghth (kg/mm?) FElongation (%)
Dempo iron sheet 1.2~1.6 15.0~21.5 1.9~2.5
Sweden | Coarse (Bu) 2.3 19.6 0~1.0
iron -
sheet Fine (1u) 2.3 27.0~36.0 0
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Image

Photo. 3 Results of EPMA ( Fe, Si, Al,
Mg, 0, Ca) of sintered iron
sheet produced after reduction
of Sweden magnetite ore.

Photo. 4 Oxide dispersed in iron sheet containing reduced iron powder. {sintered at 850C,

annealed at 700C )

(a-1) rolled surface (0.18wt%O). (b-1) rolled surface (0.47 wt% O).

(a-2) cross section of (a-1). (b-2) cross section of (b-1).



Oxygen content in iron sheet(%)
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Fig. 5 Relations between oxygen content in iron

sheet heat-treated in hydrogen and oxygen
content in mixed iron powder.

(65)

ZOBOBELELEEOEVWEDL, HBYUEE
PlcahOBER L ZIFECAEEE RSN T
VB ZENRD SN, —HIMELEERE DEW
LD, BHFICRETHEISRET 220, 2B
LRI EBLENTCESIEE>TVE, Ih
5 B O W EE 1 0 BAMEL 5 R & Photo. 412173 4L
HIREDERVWIEAS CERERMO L2V D %)
12, E PRt £ W L D ERDN IR T B O
RAEEOWINWSET2ELHE L, FREE
(a-2,b-2) 2 5 EFE 5 | (724 [ZEE Ui AR ARIZ
GHRLTWAHRTAFEENE, BEILZNo &Ly
Fr (5% A4 7 —NIZEA) L CERKT 28
L 7 FE % 2 Photo. 51271, BE{EHIOD D 51 (a)
bV TR TN FORER D LS R
LOMBESIBO NG, FEWEREED, S#L
MDD % vy O TIERBIROBR L) 0 B8 CIEIE 5
TN T WA, BF0/ % ORI %E S
sk 2T T, —FH, BUHOZoL 03Bl
WORBIRGGHAETHD, BRERETOKREED
EFERMIE IR TH 2, &b, MBALERED

Photo. 5 Microstructure of iron sheet containing reduced iron powder.

and annealed at 700C )

(a-1) rolled surface

(sintered at 850C

(0.18 wt% O).

(a-2) cross section of (a-1).
{b-1) rolled surface (0.47 wt% O).
{b-2) cross section of (b-1).
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Photo. 6 Results of EPMA (Fe, Al, Ti, O) of iron sheet containing reduced iron powder
(0.47 wt%0).
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Results of EPMA (

powder (0.47 wt% O).

Table4: Results of EPMA of oxides in sintered iron sheets.

Fe, Si Mg, Al, Ca, O) of iron sheet con
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taining reduced iron

Element F Al
Content ¢ 0 Mg Ca Total
wt % 0.311 | 0.299 | 0.391 1.00
atomic ratio 1.00 1.99 4.38
wt % 0.175 | 0.043 | 0.440 ¢ 0.2 0.115 | 0.011 1.01
atomic ratio 1.00 0.51 8.80 2.6 1.52 0.08
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Photo. 8 Microfractographs of tensile test piese of iron sheet containing reduced iron
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BEOEIMNE & HIT5ERY &S E SOWTTHEINL.
HORIZOV TR IR EIDHITEOETHD LT
Wh, T-BREL T LEEICK ARV, TR
NIz o>VTIEHFVEF LS b Tnh W
P, ORI TR OB L A D R
TELTWBEZ EABH 5N 5,
TSRS £ LR(700T, 1hBEs £ L) OF|
B REBEOMHRICI W TEELLER 2
Proto.8i2 R TolaIBER B A E0. 18Wwt% D b D, b)
X0.47wWt%DHEDTH 5, GHEREDD 2 WHE

(a)0.18 wt% O. (b) 0.47 wt% O.

L, IR & o T IR AYRENE 2 A 5 A
EHEBED L VWA IZPhoto. S5NKI H BEIZA 5
B 4 ERRIER - % - O IR ORI 28
LTWad, - T, ARSI KD ELESEICE
RO AFT 2858, WAICEEL 2BEILE
REERICZ2 > TRIEL 230 LB hN, FERDIC
F AR BRI AR E R ZIT TV A D
EWhrs, THEDRR, MHESRER T L
WHOEBEOGHEEOMINZRY, BRIGH&F]
RO EAHRL, MURERD T ZEmAES



NoAH, BEL T3 2BREHTEL TN
@ﬁﬁ@ﬁut$@%@@m%@ﬁﬁﬁﬁﬁev
IZHFE SN T OREIRIEAZL L, 255 2%
I CRkE R BLIELTWAZEHMS
N

3:3:3 HEHMIIBEALLES

RTRE D 71 VAR =V BRIBIE, i & D AR 7 it
ETHY, BERENLTY 20 TELEHOERE
SRR ELT, ZOERELES »AIZTE A,
—HEER-ATKBEEEDARE L EHEND & 7
M LEBE, IRGEEOETHES0F I
AREMFIZ DV THE T 3 Z & RYE L bR S
::?uﬁﬂﬁ&c BEITE RS L ABAD
FERERR % & CZ 2 5 & FHIE & 7850 & 1000
CTEELZEDIZ D0 TOF5E Y H AR 21
ELle TNoDHBRER -BESHTE - O
wFig. 8124, MA 5, HMEREDBEVIBE

B4 EK
gl

60
- Atomized iron
{Laminate) (Mono) Sintering
40 L o v O) ter:lp. dsp
X cC. & ————ve 850T
W] Lied——a,
—~ L\ C: & h————- m 1000 1 40
£ ' A
4 ®
W 130 5
; 2
= %
© g
= 120
Ui
g — -
1
& Tensile *
N\
strength \ ol 1 10
.\
u
20 1 1 L 1 1 0
0 0.1 0.2 0.3 0.4 0.5

Oxygen content(wt%)

Fig. 8 Effect of oxygen content on tensile strength
and elongation of laminated atomized iron sheet

or the mono-layer sheet containing reduced
iron.
EHBIBOWEE, $rBESHROENT]
EOEEZ & BITAER R L T unsths s
7, UL DWTIEEEROMII TR 4R/ L
Twéo:hﬁﬁﬁﬁﬁwﬁﬁﬁkﬁm%smt
O, RaFDGEISTHIZE SN Er-78D
BEbhhsd
34 IREZOHMILIZL3BEADZE

3:4-1 BEBFEROBMESERICLS
WEA
FERMR 2 geatt, LML T L 240 E T8

Hv{ g/em?)

(69)

?%T“ FEEARANTIC L0 REfLEn, EFEE R

TEILEDBEBEAEL B, mﬁﬁﬁ@%m%
%@%mMWCT%% e iLHiﬁni
£ D (850 THEAS, T00T T H,iAT%

“é%L@FT+ﬁmuo_m &S AL
EHBEAINTIC L 2L IZ s LT3 2%

BRI K 2L O TETEIREEA OB P E Z S h
ST, RILHH & E OB SREER OFE X ElZE
T FOHBEFIg.9IRT, 2F F=E0

/

200
Cold rolled

150

Annealed

Cross |Sintered | Annealed
section | temp temp

® | 900C| 900C
A | 850 | 700

100

0.2 0.4 0.6 0.8
Oxygen content{wt%)
Fig. 9 Effect of oxygen content on hardness of

sintered iron sheets containing reduced iron
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Photo. 9 Oxide dispersed in iron sheet (0. 50 wit%0)
containing reduced iron powder. (sintered

and annealed at 900T )
(a) rolled surface.
(b) cross section.
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THE STUDY ON HIGH PRESSURE FLUIDIZED REDUCTION
OF 1IRON ORE

Purpose and Abstract of the Research on High
Pressure Fluidized-bed Reduction of Iron Ore

Toshio Sato, Yoshikazu Suzuki, Sogo Sayama

I. The purpose of the research

The preduction of iron consumes about 18% of the total energy of Japan. Because of the
possible shortage of coking coal in future, the Japanese government has been planning the develop-
ment of a new process for the production of iron using atomic energy. Pressurized helium gas is
used as a transportation medium of heat from the high temperature gas reactor, and its heat will
be utilized to produce hot reduction gas for direct reduction of iron ore. Special attention has
been given to the production of iron by fluidized bed under high pressure as a new important pro-
cess of direct reduction. The purpose of this research was to elucidate the reduction mechanism
of iron ore under high pressure and io obtain fundamental techniques for high pressure fluidized
bed operation. The main subjects are as follows:

(1) Reduction by fluidized bed

High pressure hydrogen gas (max. 36kg/eni) is used for the reduction of iron cre. The desi-
red reaction temperatures are 500~900C. The optimum condition for fluidized bed reduction is
studied.

(2) Reduction mechanism of a single hematite sphere

This study is to elucidate the interrelationship among three rates;ie. the rate of chemical
reaction, the mass transfer and the heat transfer in the reduction process of a single hematite
sphere under high pressure.

(3) The utilization of reduced iron powder

Material properties of the iron powder for powder metallurgical processing and for scrap iron
are examined, The production of iron sheet by direct powder rolling is studied.
IT. Abstract of the report

This report consists of an introduction, results (eight chapters)and a conclusion. The intro-
duction includes current review on the reduction of pulverized iron ore in a fluidized bed under
high pressure at high temperature, the purpose of the present study and the abstraci of the pr
esent report.

The eight chapters on the experimental results are classified into two parts. One is associa~
ted with the reduction of pulverised iron ore under high pressure at high temperature and another
with the processing of the produced metallic iron powder to sintered materials.

In the first chapter we deal with the investigation of fluidizing and sintering properties of
several kinds of iron ores during reduction to select a suitable iron ore for use in the present
research,

Subsequently in chapter 2, we describe the construction and refinement of a fluidized bed
reactor for high pressure and high temperature reduction. Moreover, we describe the methods of
measuring the reduction rate and analyzing the composition of reaction gases during reduction.

In chapter 3, the characteristics of the reduction rate under high pressure were described as
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a function of hydrogen gas pressure, gas flow rate, weight and particle size of the sample iron
ore and reduction temperature in a fluidized bed.

The experimental results of high pressure reduction using an 8mm dia. reactor of the gas flow
type were shown in chapter 4in order to compare this with the results of the fluidized bed pro-
cess; the experiments conducted in the 8mm dia. reactor were to obtain the fundamental kinetics
of iron ore reduction at different levels of high pressure and at different rates of a limited gas
flow volume.

In chapter 5, we analyzed the reaction rate of iron particles in a fluidized bed during redu-
ction with use of the spherical model of iron oxide under high pressure at high temperature.

In chapter 6, we described the influence of gangue in iron ore on the reduction and the pro-
perties of the reduced iron powder.

In chapter 7, reoxidation phenomena of the iron powder immediately after reduction in a flui-
dized bed was studied and the treatment for prevention of the reoxidation was shown from a
viewpoint of the practical use.

We deal with the practical utilization of reduced iron powder containing gangue mineral in chap-
ter 8. In the results we presented the process of making sintered iron sheets from the redu-

ced iron powder.

CHAPTER 1
Reducibility of Several Kinds of Iron Ores
in a Fluidized-bed Reactor

Yoshinobu Ueda, Sogo Sayama,
Yoshikazu Suzuki, Kyoji Sato, Yasunori Nishikawa

In order to select an iron ore for the experiment by means of a fluidized bed method under
high pressure, the properties of reduction, sintering and fluidity of several kinds of iron ores du-
ring reduction were investigated by use of a fluidized bed reactor (35mmdia.) under 1atm. On the
basis of the results Dempo ore (from Goa) was chosen to be used as a typical example of a he-

matite ore.

CHAPTER 2
Construction and Improvement of Experimental Apparatus
for the High Pressure Fluidized Bed Reduction of

Pulverized Iron Ore

Yasunori Nishikawa, Kyoji Sato, Yoshinobu Ueda,
Yoshikazu Suzuki, Sogo Sayama, Toshio Sato

A batch-type fluidized bed reactor of 60mm inner dia. was constructed and improved for the
experiment of reducing pulverized iron ore using high pressure hydrogen gas. The experimental
apparatus could be used up to a temperature of 900°C and hydrogen pressure of 36kg/cnl.

The degree of reduction was determined accurately by measuring the total amount of water gen-
erated by the reduction. Furthermore, a gas chromatograph was connected with a fluidized bed

reactor, for continuous analyses of the compositions of the reaction gas in the process.
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CHAPTER 3
Experimental Results on a High Pressure

Fluidized Bed Reactor of 60mm Dia.

Yoshinobu Ueda, Kyoji Sato, Yasunori Nishikawa,
Yoshikazu Suzuki , Sogo Sayama, Toshio Sato

The reduction of pulverized iron ore was investigated using a batch-type fluidized bed reactor
of 60mm inner dia. and high pressure hydrogen gas (6 ~36kg/cn)at a temperature range between
700and 900°C.

The reduction rate of'pulverized iron ore was found to be analyzed by two methods In the first,
the first order reaction method is made at the reduction percentage up to about 80%. The appa-
rant rate constant obtained, K was expressed as the product of A and B, where A was the effici~
ency parameter and B the molar ratio‘of reduction gas/min to iron ore. The apparant activation energy
obtained from the temperature dependency of K was 11—~13 kcal/mol and A was almost independ-
ent of hydrogen gas pressure, while K increased linearly with the increase of the pressure.

This means that the reduction rate can be increased by elevation of the hydrogen gas pressure
without changing the availability of hydrogen.

In the second, the experimental results could be explained well by the bubbling bed model.

The analytical results are summarized as follows:

(1) When the pressure is increased at the constant gas velocity, the reduction rate increases
linearly with the pressure, independently of whether the gas supply determines the over-all rate
or not.

(2) When the gas velocity is increased at the constant pressure, the increase proportion of the
reduction rate decreases with the increase of the gas velocity.

(3) When the pressure is increased at the constant gas flow rate at the standard temperature
and pressure, the reduction rate increases exponentially with the pressure, bui the increase of
the reduction rate saturates as the gas supply approaches the rate determining stage.

Moreover, the gas chromatographic determination of the composition of the gaseous products

revealed more detail of the reduction process of the iron ore.

CHAPTER 4
Determination of Reduction Rate of
Pulverized Iron Ore with

a Small-size Flow Reactor under High Pressure

Sogo Sayama, Yoshikazu Suzuki, Toshio Sato,
Yasunori Nishikawa, Yoshinobu, Ueda Kyoji Sato

A small-size fixed bed reactor (8mm dia.)was constructed to measure the rapid reaction rate
under high pressure (6 ~36kg/cm) at the gas flow rate up to 1.79 mol Hy/min. The results
obtained by this apparatus were compared with those obtained by a fluidized bed described in ch-
apter 3.

It was recognized that rate of the reduction was not ideally .etermined by the chemical reaction
itself, even when hydrogen at the highest flow rate was passed through the present microreactor.
Therefore, upper limit of the rate constant k’ as the hydrogen pressure approched infinite was

estimated by the extrapolation and found to be almost double of k’ at 6 atm.
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Upper limit of k’ as sample weight approached 0 was also obtained by the extrapolation and
found to be 10% more than k' at the sample weight of 0.1g.
The reduction rate and efficiency obtained by the use of the small reactor were very similar

to those of a fluidized bed, except for the scale effect between both reactors.

CHAPTER 5
Measurement of Pressure and Temperature within Spherical
Sample during Reduction Process of Ferric Oxide in

Hydrogen Gas at High Pressure
Kyoji Sato, Yasunori Nishikawa

TFe,0, spheres of 3.3cm in diameter were reduced at 900C under 1~27 atm. inH,. A trial was
made to measure contimuously the pressure difference between the cenier and theé ambient of the
sphere during the reduction process. The pressuredifference under 1 atm was measured successfully
and it was observed that the pressure at the center was 120mm Hg higher than that at the ambi-
ent. Under the high pressure, the good result was not obtained in the measurement of the pres-
sure difference because of the irregular pressure vibration inside the reactor.

The temperature within the sphere was measured successfully under the high pressure
of up to 27 atm. and it was observed that the temperature at the center of the sphere was less
than that at the ambient by 32C.

Measuring of the pressure difference and the temperature and analyzing the materials in the
cross—section of the sphere at definite reaction time,it was confirmed that the reduction of a Fe, 0,
sphere is multiple stage reaction proceeding with the three reaction interface.

We measured also the weight change of the sphere, and examined the dependency of pressure
on the reduction rate. The pressure effect on the reduction rate was seen remarkably until about

5atm., but at over 7 atm. its effect was not remarkable.

CHAPTER 6
The Properties of Iron Ore Containing

Gangue Mineral during Reduction
Yoshikazu Suzuki, Sogo Sayama, Yoshinobu Ueda

The influence of gangue in iron ore on the reduction was investigated by the use of green and
indurated hematite compacts containing foreign oxides and different reduction gases.

The results obtained are as follows:
1) Hematite compacts containing K,CO; expanded remarkably in the process of the reduction by
CoO.
2) Green compacts were reduced rapidly in a very uniform manner in hydrogen, as the reduction
proceeded simultaneously both internally and externally. Similar result was also recognized in the
hydrogen reduction of porous and pulverized iron ores.
3) The cracking of green compacts containing foreign oxides was probably due to the local stre-
sses in compact matrix resulting from the differences in shrinkage rates among the foreign oxides
of different sizes. The cracking of indurated compacts was probably caused by the so-called

phase-separated structure.
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CHAPTER 7
Prevention of Reoxidation of Reduced

Iron Powder by means of Hot-rolling
Yoshikazu Suzuki, Yasunori Nishikawa, Sogo Sayama

In order to prevent the reoxidation of reduced iron powder in air, an apparatus for process-
ing hot powder iron into sheets in nitrogen atmosphere was constructed. Direct powder-rolling
immediately after reduction of pulverized iron ore was carried out and found to be very effective
in decreasing pore volume and specific surface area of the product, hence in preventing the re-

oxidation of reduced iron powder.

CHAPTER 8

Processing of the Reduced Iron Powder Containing Gangue
Yoshikazu Suzuki, Sogo Sayama, Toshio Sato

In order to estimate the possibilities for the utilization of reduced iron powder produced bya
fluidized bed, half the volume of gangue was separated from the iron powder at about 100C after
reduction. The reduced iron powder thus obtained was finely ground and mixed with fine pure iron
powder before rolling. On samples with various mixing ratio up to 50% of the total volume, the
mechanical properties of the sintered iron sheets were then measured. It was found that the
originally spherical gangue oxide changed to be finely elongated and dispersed in the sheet, and the

sheet increased up to about double in the mechanical strength.

Conclusion of the Research

Yoshikazu Suzuki, Sogo Sayama, Toshio Sato

The present report is the first one on the reduction of pulverized iron ore under high pres-
sure over 10 atm by means of a fluidized bed process and make an offer of very important data
for the construction of the process in order to supplement the shortcomings of shaft type fur-
naces, which can not treat the pulverized iron ore., That is, from a systematic assessment of the
results described in each chapter, it is elucidated that the reduction operation by use of a high
pressure fluidized bed for pulverized iron ore is more profitable than by use of a shaft furnace.
In future, the present process would be commercialized to produce pre-reduced iron ore inorder
to supplement blast furance process in an area producing resources such as iron ore, natural gas

and oil, by a rather small scale steel maker in development countries.
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