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JAPANESE INDUSTRIAL STANDARD J1Ss

Test Methods for Determination of M 8713-1987
Reducibility of Iron Ores

1. Scope

This Japanese Industrial Standard specifies the test methods for determination
of reducibility of iron ores.

Further, the iron ores in this Standard mean the sintered ores, pellets and !
lump ores.

2. General Items

The sieve shall be in accordance with JIS Z 8801, and the marking method
for size distribution and sfeving, with JIS M 8706,

Further, the rounding method for numerical values shall be in accordance with
. JIS Z 8401.

3. Definitions
For the purpose of this Standard the following definitions apply:
(1) reducibility A measure of ease with which oxygen combined with iron in
iron ores can be removed by a reducing gas. In this Standard it is

expressed by using either one of degree of reduction (to be used in method
1) or rate of reduction (to be used in method 2).

Applicable Standards:
JIS M 8202-General Rules for Chemical Analysis of Iron Ores
. JIS M 8212-Methods for Determination of Total Iron in Iron Ores
JIS M 8213-Method for Determination of Ferrous Oxide in Iron Ores

JIS M 8702-Iron Ores - Increment Sampling and Sample
- Preparation - Mechanical Method

JIS M 8703-Iron Ores - Preparation of Samples - Manual Method
JIS M 8706-Iron Ores - Determination of Size Distribution by Sieving
JIS Z 8401-Rules for Rounding off of Numerical Values
JIS Z 8801-Test Sieves
Corresponding International Standards:
ISO 4695 Iron ores - Determination of reducibility

‘ ISO 7215 Iron ores - Determination of relative reducibility
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(2) degree of reduction Assuming that the iron compounds contained in '
sample as iron oxide, the ratio of oxygen amount removed by reduction
relative to the oxygen amount in iron oxide. The value at 3 h after
reduction is expressed by percentage.

(3) rate of reduction Assuming that the iron compounds contained in sample
as iron (I11) oxide, the variation in time of ratlo of amount of oxygen
removed by reduction relative to the amount of oxygen in this iron (III)
oxide. It is expressed by rate of reduction (% min) at an atomic ratio
O/Fe = 0.9.

4, Classiflcation of Methods

The test methods for determination of reducibility of iron ores shall be in
accordance with either one of the following.

(1) 900°C « 3 h reduction . degree-of-reduction expressing method (method 1).
(2) 950°C reduction - rate-of-reduction expressing method (method 2) ‘

Remarks 1. In either methods, carbon monoxide and the reducing gas which
contains carbon monoxide are extremely toxic and therefore
the testing shall be carried out In a well ventilated place.

Further, the waste gas during the reduction testing
contains high concentric carbon monoxide and dangerous to
safety hygiene, and therefore it is required to burn the waste
gas completely, or to disperse in atmosphere by introducing to
outdoors.

2, In this standard, the volume of gas is shown as that in the
standard conditions.

5. 900°C - 3 h Reduction . Degree-of-Reduction Expressing Method (Method 1)

5.1 Summar Reduce the sample 50 g at 900°C for 3 h by using a reducing
gas containing carbon monoxide of 30 vol %. Calculate the degree of reduction
from decreasing of mass by reduction, total iron in sample before reduction and the -
containing amount of iron (II) oxide. C

5.2 Using Gas

(1) Reducing Gas The mixed gas of carbon monoxide 30 * 1.0 vol % and
nitrogen 70 + 1.0 vol % shall be used. The permissible amount of
impurities in the reducing gas shall be as given in Table 1.

Table 1. Permissible Amount of Impurities
in Reducing Gas

Impurity Maximum Ps;rlnlgstble amount
Hydrogen 0.2
Carbon dioxide 0.2
Oxygen 0.1
Water 0.2
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(2) Inert Gas The sufficiently dried and deoxidized argon or nitrogen
shall be used.
5.3 Apparatus and Devices The main apparatus and devices used in this

method shall be as follows (see Attached Fig. 1).

(1)

(3)

(4)

Electric Furnace The electric furnace of vertical type, capable of
holding the whole sample in the reduction reaction tube hung in this
furnace and the gas entering the sample layer at a temperature of 900
+ 10°C.

Reduction Reaction Tube The tube made of heat resistant metal
endurable to a temperature not lower than 910°C, of 75-* 1 mm in bore
and of such structure as to be mounted to a weighing device. In its
inside, there is a perforated plate (thickness 4 mm, diameter of hole

2 to 3 mm, interval between holes 4 to 5 mm) of 75 £ 1 mm in
diameter to be placed with a sample, and under the perforated plate
heat exchange substance of grain state for example such as alumina
balls shall be filled up to the height of 100 mm (see Attached Fig. 2).

Weighing Device The weighing device of reciprocal sensibility of 0.5
g. The device shall be corrected periodically.

Test Sleves The steel plate sieves having punched square mesh
apertures of nominal sizes of 10 mm, 12.5 mm, 16 mm, 19 mm (!) and
22,4 mm. Provided that the interval of mesh apertures shall be 5 mm.

Note (%) The sieve of mesh aperture of 19.0 mm, and to the tolerance on

mesh aperture and plate thickness, Attached Table 5 of JIS Z
8801 applies, as appropriate.

5.4 Sample

5.4.1

General Items The test sample, after removing the adhered water

content by drying at 105 = 5°C for not less than 2 h by using a dryer, and then
cooling, shall be prepared to the required size distribution.

Thé size distribution of sample, amount of sample to be used for once test
of reducibllity, and the overall amount of sample shall be in accordance with Table

2.

Table 2. Test Sample (Method 1)

Amount of sample

. Size distribution | required for once Overall amount
Kind of iron ore mm test of reducibility kg
E
Pellet -12.5 +10.0 (2)
500 2.5 min.
Lump ore

Sintered ore

-22.4 + 19.0 (3)

Notes (?)

()

If agreed between the parties concerned, the size distribution of
-13.0 + 11.0 mm is allowable.

If agreed between the parties concerned, the size -distribution of
-21.0 + 19,0 mm or -12.5 + 10.0 mm is allowable.
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5.4.2 Preparation The preparation of sample shall be in accordance with
the following. The prepared sample shall be stored in a desiccator.

(1) Pellets After making the size distribution of sample -12.5 + 10.0
mm by using sieves of 10 mm and 12.5 mm, extract at random to
obtain the test sample of not less than 2.5 kg.

(2) Lump Ores and Sintered Ores After making the size distribution
of sample -22.4 + 19.0 mm (%) by using sieves of 19 mm and 22.4
mm, extract at random to obtain the test sample not less than 2.5 kg.

Note (%) The method for preparing the sample of -12.5 4 10,0 mm in
size distribution shall be in accordance with the method of
6.,4.2 (2), as appropriate.

5.4.3 Sample for Chemical Analysis A 500 g portion of the sample
prepared to the size distribution specified in 5.4.2 shall be used as the sample for
chemical analysis for determination of total iron and iron (II) oxide. ‘

5.5 Operation

5.5.1 General ltems The general items shall be as follows:

(1) Number of Tests The test shall, as a rule, be carried out twice
(see 5.7).

(2) Chemical Analysis Relating to the test, carry out the analysis of
total iron and iron (II) oxlde (5). Prepare the sample for analysis
in accordance with the preparation method for component test sample
specified In JIS M 8702 or JIS M 8703, as appropriate,

The total iron determination shall be in accordance with JIS M
8212, and the iron (II) oxide determination, with the method specified
in Appendix.

Note (5) When the analysis values of total iron and iron (II) oxide of
test sample of the same consignment are known, those values c
may be used. '

5.5.2 Measuring Sample Take out about 500 g (* 1 grain) at random
from the sample stored in a desiccator, and read out the mass (m,) to the place
of 1 g and record it.

5.5.3 Reduction The reduction shall be as follows:

(1) Insert the measuring sample, herelnafter referred to as the "sample",
into a reduction reaction tube (&), after covering, insert a
thermocouple approximately in the central part of sample layer,

Note (6) At the time of inserting the sample, take care so as to fill
uniformly.

(2) Enter the reduction reaction tube into an electric furnace with taking
cares §0 as not to contact the inner wall of furnace or heating
element, and after attaching to the weighing device, connect with B

the gas circuit (7). ‘
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. Note (7)

(3) After substituting the gas in the reduction reaction tube by inert gas,
ralse the temperature until 900°C in one hour while passing the gas
at not less than 5 //min. When having reached 900°C, increase the
Inert gas to 15 //min and hold as it is for 30 min,

Take sufficiently cares so as not to cause gas leak.

(4) Measure the sample mass (m), immediately change over the inert gas
to reducing gas. Let the flow rate of reducing gas be 15 % 0.5
//min, and reduce at 900 x 10°C for 3 h (9).

Note (8) In the case where the reduction curves are required, measure
the sample mass at every 10 min until 60 min after beginning
reduction, and thereafter at every 15 min and record them.

(5) When reduced for 3 h, record the sample mass (m,), immediately cut
the power source of electric furnace and simultaneously substitute
the reducing gas by inert gas, and while passing the inert gas at not

. less than 5 ¢/min, cool until not higher than 100°C (°).

Note (°) In the case where the sample after completion of reducibility
test is offered to sample for other test such as measurement
of pressing crush strength after reducing, It shall be cooled
until room temperature.

5.6 Calculation The reducibility to be expressed as the degree of reduction

obtained by reducing for 3 h shall be calculated to one place of decimal according
to the following formula:

X104

R={m,, (0.43”51;:’?)_111 B)}

where R degree of reduction (%)

mass of weighed out sample (g)

. m :  mass of sample immediately before beginning reduction
(8)
m ! mass of sample at 180 min after beginning reduction (g)
4 total iron In sample before reduction (wt %)
B . iron (II) oxide in sample before reduction (wt %)

5.7 Number of Tests and Tolerance

5.7.1 Number of Tests The test shall be executed two or four times.

5.7.2 Tolerance and Selection of Results
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