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Mechanical Properties of Sintered Iron Sheets Containing
Reduced Iron Powder with Gangue

Yoshikazu SUZUKI, Sogo SAYAMA, and Keizo INISHIDA

Synopsis:

In order to estimate the possibility of utilization of reduced iron powder produced by a fluidized
bed, an examination was made on the effect of gangue minerals in iron ore on the mechanical pro-
perties of sintered iron sheets which contained various oxides of the gangue. Reduced iron powder
was carefully mixed with pure iron powder up to 50%. The mixed powder was sintered at 850°C or
900°C for 1 h in hydrogen after pressing, and then rolled and annealed.

The effect of gangue oxides dispersed in the sintered iron sheets on the mechanical properties was
examined. As the content of oxides in the sheets increased, the yield stress and tensile strength in-
creased, but the elongation decreased. After a high temperature annealing in hydrogen, its elongation
was improved because of the decrease of oxygen content in iron sheets, while the strength decreased
owing to the reduction of oxides during heat treatment in hydrogen.

These oxides of gangue minerals in iron ore changed into glassy ones during reduction. The oxide
layers were found to be parallel to the rolling face in iron sheet. These gangues contained in the
sintered iron sheet are effective to increase the tensile strength of the sheets produced at lower tem-
peratures. This is seemed to come from the reason that these oxides are crushed and become to be

fine particles in the matrix during the rolling.
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Table 1. Chemical composition and mode
diameter of iron particles.
Composition(wt$)
Sample pMode - .
Dia. (1) S1O2 Ti0,[Ca0 [MgO AIZO3 KZO 0

200 2.40/0.32{10.46/0.13(2.10 |0.07(3.6

2

Reduced
Iron

Sample ode
Dia. () 0

carbonyl 2 1o.14 0.001[0.01[0.05W01 0.03}0.01[0.01
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Fig. 1. Effect of oxygen content on vyield stress,
tensile strength and elongation of iron
sheet containing ferric oxide.
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Photo. 1. Microstructures of iron sheet containing ferric oxide.
(a-1) Rolled face of sheet annealed at 700°C in H,(0.07wt% O).
(a-2) Cross section of (a-1).
(b-1) Rolled face of sheet annealed at 700°C in Ar(0.36wt% O).

(b-2) Ciross section of (b-1).
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Fig. 2. Relations between yield stress of tensile
strength and grain size of sintered iron
sheet containing ferric oxide.

I : Yield stress line indicated in the
previous literature?.

II : Tensile strength line indicated in the
previous literature?.
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Photo. 2. Microfractographs of tensile test piece
of iron sheet containing ferric oxide.

(a) annealed at 700°C in H, (0.07wt2; O).

(b) annealed at 700°C in Ar (0.36wt2;, O).
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. 3. Relations between oxygen content in iron
sheet heat-treated in hydrogen and
oxygen content in mixed iron powder.

Table 2. Results of tensile test of sintered iron sheets containing oxygen of added oxide

and iron oxide by oxidization.

Sheets containing oxygen of added oxide and Sheets containing only oxygen
Added oxide iron oxide of added oxide?
(vol%) Rc?)rrllgtgn(zfir?xi}x" (g;:ln Tensile strength Elongation Tensile strength Elongation
o) (kg/mum) (%) (kg/mum?) (%)
1.48 «-SiO, 0~1.5 23.7~26.2 14.6~32.5 24.8 44.2
2.34 a-Si0O, 0~1.4 23.5~26.6 2.1~24.6 25.8 41.3
1.17 a-AlL O, 0.31~0.77 25.2~27.5 29.6~-39.2 24.8 37.2
2.94 a-ALO, 0.14~0.25 28.3~28.8 22.9~30.8 28.6 18.8
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Photo. 3. Oxide dispersed in iron sheet containing reduced iron powder. (sintered at 850°C,

annealed at 700°C)
(a-1) Rolled face (0.18wt2, O).
(b-1) Rolled face (0.47wt2, O).

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

Photo. 4. Microstructure of iron sheet containing reduced iron powder. (sintered at 850°C,

annealed at 700°C)
(a-1) Rolled face (0.18wt9g O).
(b-1) Rolled face (0.47wt2;, O).
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(a-2) Cross section of (a-1).

(b-2) Cross section of (b-1).
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Photo. 5. Results of EPMA (Fe, Al, Ti, O) of iron sheet containing reduced iron powder

(0.47wt7, O).
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Photo. 6. Results of EPMA (Fe, Si, Mg, Al, Ca, O) of iron sheet containing reduced iron

powder (0.47w2, O).
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Table 3. Results of EPMA of oxides in sintéred iron sheets.

\ Element
\ Fe Al (@) Si Mg Ca Total
No. Content ™ _
. wt% 0.311 | 0.200 | 0.391 | 1.00
atomic ratio 1.00 1.99 4.28 ‘
92 wt% 0.175 0.043 0.440 0.230 0.115 0.011 1.01
atomic ratio 1.00 0.51 8.80 2.62 1.52 0.08
40 Final annealing temp, Final annealing temp . . N
Sintergg __1700°C, 850°C Sinteringg oz 20 ¢+ 850¢
annealing et
Temp | 850& 700°C — Temp. }_E:%*.c'/oo £ a2
[900°C “gs40f© 130
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£°° Z o =
g s |\ s
= o 420
@ S 3ot ° 2
o ‘-})‘: 3 S
Z A e er}
o 20T 2
< «‘1:1 o 10
= k] 2 ,
20+ @ Elongation
3
10 : ' ' ' oz o4 06 08

0.2 0.4 0.6 0.8
Oxygen Content(wt%)

Fig. 4. Effect of oxygen content on yield stress
of iron sheet containing reduced iron
powder.
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Fig. 5 Effect of oxygen content on tensile strength
and elongation of iron sheet containing
reduced iron powder.

ChEEHCEWETRAD LT b. &R EL
BE X 5EWE, BIEE VM OWTEd ¥ » BREC
B BTy, ORI DU TR AERRE OF >
FREETELTWBZ LD BRS.
CHBEERE/ ¥ LI (700°C, 1Thgeed L) O5lEk
b SER1E DIEKITANC DO\ CHgE Licks % Photo. 7 1
. (a) IREEEE 0.18wty oo, (b) ik
0.47 wt% DEDTHhH%. GEMEOLILVHED, B
PR X o T RS AR b, SHEERRO
4\ 5411 Photo. 4(b) DOMEEHICAR LR A B
RN T » TH < MEVHEER LTS, L
<, REES @ kv BEEFEC BROMEMY BT 2%
&, WA RE L SHaBRESC T TRE LD
D EBbh, BlED X AHRESAEROHBIC X R
B TNDZ Ehb s, Ch bR, BERiEELE
et ¥ Uit omES A EOBEINC & bigy, BRG]
LREE DM X MEA L, ORI T HEALRL DR
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Photo. 7. Microfractographs of tensile test piece
of iron sheet containing reduced iron
powder. (sintered at 850°C, annealed at
700°C) (a) 0.18 wtg, O (b) 0.47 wtoy, O

Table 4. Results of tensile test of sintered iron
sheets containing reduced iron powder.

Oxygen Final Yield Tensile El G
content | annealing | stress strength onaga ton
(wt%) |:emp. (°C)| (kg/mm2) | (kg/mm2)| (%)
0.63 700~ 24.0 28.4 12.5

: 800 22.9 29.1 19.1
1.12 700 22.5 29.8 6.7

: 900 22.4 30.9 8.3
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Fig. 6. Effect of oxygen content on hardness of
sintered iron sheets containing reduced
iron powder.
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Photo. 8. Oxide dispersed in iron sheet (0.50wt%;
O) containing reduced iron powder.
(sintered and annealed at 900°C)
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