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Research and performance evaluation of pellet ore proportioning
based on gas-based direct reduction process
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Abstract: The development of gas-based direct reduction process can promote the transformation of enterprise energy
structure. In order to ensure the smooth implementation of the gas-based direct reduction process coke oven gas is used as
the reduction medium to carry out the research on optimized ore proportioning of pellet. The basic properties of 4 kinds of
fine powder are studied and 3 kinds of fine powder are selected for pelletizing and roasting tests of single ore. Based on the
composition basic properties and compressive strength of single-fired pellets of fine powder 5 ore proportioning schemes
are formulated and optimized to comprehensively evaluate the metallurgical properties of pellets. The results show that the
60% Shanxi +10% Inner Mongolia + 30% Hebei ore proportioning scheme has the best performance so the pellets with
the ore proportioning structure and the pellets used for direct reduction are used for the shaft furnace cage comparison test

and the test results show that the metallization rate carbon content and size fraction indexes are meet the requirements of
direct reduced iron product. The results also show that the proportioning scheme can meet the needs of the gas-based direct
reduction process and the reliability of the comprehensive evaluation method for optimizing ore blending and pellets

metallurgical properties are confirmed which lays a theoretical foundation for promoting the development of zero reforming
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direct reduction process of coke oven gas in China.
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Table 1 Main chemical components and particle size distribution of iron concentrate powder %
TFe FeO CaO Sio, MgO AL 0O, S P <0.074 mm

69.51 28. 67 0.33 1.28 0.26 0.45 0. 020 <0.01 94.5

69. 50 30. 14 0.46 1.45 0.50 0.40 0.854 <0.01 88.0

68. 25 29.21 0.33 3.80 0.32 0. 14 0. 002 <0.01 84.9

69.20 28.99 0.55 1.42 0.94 0.29 0. 146 <0.01 92.6
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Table 2 Performance analysis of bentonite
/(mLeg™") / mL+(15¢g) ™ 1%

<0.074 mm

35 400 97 11




80 50 1
3
Table 3 Temperature control of the continuous crystal strength test
/°C ~600 600~1000 1000~11501150~1 280 1280 ~ 1280 ~1 150 1 150 ~1 000 1 000 ~
/min 4.0 1.0 1.5 1.0 4.0 2.0 1.5
4
o Table 4 Temperature control of drying and roasting
1 2 o /C /min
105 300
~900 —
900 10
900 ~ 1 250 —
1 1250 30
' L . 1 250 ~900 20
Fig. 1 Schematic diagram of the continuous .
900 ~
crystal strength test
5.

1.2.3

1.2.4
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Fig. 2 Testing process for circularity of iron

105 C

45°

5 ho

concentrate powder

1 000 mm

250 mm

30 mino,

105 C

12 -13
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Table 5 Gas composition and temperature for the

determination of metallurgical properties of pellets

/ 1%
C H, co €O, N,
950 65 8 4 23
950 65 8 4 23
950 65 8 4 23
500 65 8 4 23
10 L/min
8 L/min
o 30
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8 S 100% (1)
o = X 0
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3
Fig.3 Schematic diagram of the calculation results of

the bonding index

70%
70. 95%

7 4 >70 %
Table 7 Degree of circularity and >70% mass fraction

for four kinds of iron concentrate powder %0

0.787 0. 786 0.785 0.787

>70% 70. 95 70. 86 70. 43 70.78
2 4
2.1
2.1.1 4
4 6. ’ ’
2.2
6 765 N
2.2.1
’ 1. 1% N N
183 N
8. 8
’ X 6.4 /(0.5 m)
5.7 /(0.5 m)
9.94 N/P.
Fe,0, a 8
Table 8 Quality of green balls from iron concentrate
powder
° / / (
6 4 <(0.5m) ™! (NP7 ) 1%
Table 6 Crystal strength for 4 types of iron concentrate 5.9 10. 62 7.00
powder N 5.7 9.94 6.70
6.4 10. 74 7.21
765 439 183 455
2.1.2 4
4 7o 7
78.5% 70%
70.43% o

78.7% o

2.2.2
1225, 1250, 1275 C
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30 min o
9, 9 2.3.1
o 1 250 C 30 min
1225 C 11,
2 963 N/P 11 1
2 595 N/P. 1250, 1275 C 3432 N/P 2 4
3208 N/P. 5
o 3200 N/P o
2 300 N/P
o 2 300 N/P
i 11
9 Table 11 Compressive strength of pellet
Table 9 Compressive strength of pellet ore at different 1 2 3 4 5
roasting temperatures N/P J(N*P~') 3432 3401 3366 3208 3394
1225 C 1250 C 1275 C 2.3.2
2 963 3417 3704
2 595 3 254 3482 .
2677 3376 3614 =49 <
23 5 15% ( >6.30 mm) =80%
( . . (<3.15mm) <10% . 5
) 12,
: 12
@ 1 6.39%
: 65. 74%
5 10 ;
10 ( ) @ 2
Table 10 Blending scheme of iron concentrate powder 746.8 N/P
%
6) 3
1 85 0 15 N
2 80 10 10
3 60 10 30
4 40 10 50 : @ 4
5 85 15 0 4.377%
1 5 N ;
2. 3. 4 810.9 N/P.,
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Table 12 Metallurgical properties of pellets
/%
/% >6.30 mm <3.15 mm 1% /(NP7

1 3.923 6.39 96. 31 3.09 65.74 978.3

2 4.278 5.58 97.51 2.49 38.50 746. 8

3 4.348 5.41 96. 32 3.68 32.92 1078.8

4 4.377 5.20 95.56 4.44 17.58 810.9

5 4.019 4.67 95.10 4.90 34.76 1045.7
N6) 5 .

4.67% 1 (1) 4 N N
67.4 N/P o
2. 3.4 o
183 N
3
Fe,0, o
2.4 (2) 4 3
3 5
3 1250 C 3200 N/P
o 3( 60%
o 13, 13 +10% +30% ) N
1.2 N
94. 5% -
( >94% ) >6.30 mm 4.7%  <3.15 mm 1. 68%
14.28 o
3.15 ~6.30 mm (3)
9.54 <3.15 mm
4.71 o 0
3 0
13
Table 13 Data of the cage test
( ) 5%
/% C 1%
>6.30 mm 6.30 3.15 mm <3.15 mm
95.7 5.1 77.96 15.65 6.39
3 9.5 4.7 92.24 6.11 1. 68
-1.2 -0.4 14. 28 -9.54 -4.71
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