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Abstract: The FeO content of sinter is the key role for sinter quality, carbon consumption and production cost. And it 

has great effect on production status, fuel ratio and hot metal output of blast furnace. According to the relevant national 

standards and industry standards, the particle size, reducibility, drum strength, fuel ratio of sinter and BF production status 

in Tangsteel iron-making plant were analyzed in this paper. It is found that the optimal range of FeO content in Tangsteel 

is from 8.0 to 8.5 wt.%. 
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1. Introduction 

The FeO content of sinter is very important for efficient 

production. It directly affects the particle size and cold 

strength of BF raw materials, thus affecting the reduction 

performance of FeO. In the process of iron-making, the sinter 

with high FeO content has poor reducibility, which will affect 

the sTablele operation of blast furnace and not meet the need 

of smelting process. Therefore, the study on sinter with 

suiTablele FeO content has attracted much attention. In 

foreign advanced iron and steel enterprises (such as Japan 

and France), the reasonable range of FeO content of sinter is 

4.0-5.0 wt.% [1]. In domestic enterprises (such as Baosteel, 

Wusteel, Jisteel, Ansteel), the FeO content of sinter is 

controlled at about 7.0 wt.% [2-5], while for many small and 

medium-sized steel enterprises in China, the FeO content of 

sinter is relatively high, even more 10.0 wt.% [6-8]
.
. The 

control of FeO content of sinter has been a controversial 

issue in Tangsteel iron-making plant. For example, the FeO 

content of sinter in Tangsteel iron-making plant had 

fluctuated within the range of 12.0-9.16 wt.% since the end 

of 2007, which resulted in many production problems, such 

as the large fluctuation of sinter particle size, unsTablele blast 

condition, wind pressure fluctuation, and especially the great 

fluctuation of static pressure, unsTablele wall body, difficult 

control of furnace temperature and heat, daily coke ratio 

fluctuation around 10Kg/t Fe. The FeO content of sinter was 

controlled between 8.0-9.0 wt.% after 2009, which brought 

the sTablele furnace condition, degressive operation difficulty, 

and easy control for BF production [9-11]. Therefore, FeO 

content of sinter must be studied in blast furnace production. 

The effect of FeO content in sinter on raw material 

granularity, reduction performance, drum strength and blast 

furnace fuel ratio are researched in this paper. 

2. Experiment 

2.1. Sample Preparation 

According to the literature review, if the FeO content of 

sinter is in the range of 7.0-9.0wt.%, the blast furnace 

production will be sTablele, the operation will be easy and 

BF production will be easy to control. Therefore, the 

experimental test points are randomly distributed within the 

range of 7.0-9.0 wt.% FeO content so as to find the sTablele 

region. 

2.2. Experimental Procedures 

2.2.1. Particle Size Test with Different FeO Content 

The raw material of experiment is the sinter, used in blast 
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furnace in Tangsteel iron making plant. After screening, the 

size composition range of sinter was <5 mm, 5-10 mm, 10-16 

mm, 16-25 mm, 25-40 mm and >40 mm. 

2.2.2. Reducibility Test with Different FeO Content 

Based on Iron ores-determination of reducibility (GB/ 

t13241-91), the reduction test of sinter, used in Tangsteel 

iron-making plant, was studied in this paper. 

The conditions were as follows: the reaction tube with 

inner diameter of 75 mm; the sample mass was 500g; the 

particle size was 10.0-12.5mm; the ratio of reduced gas 

composition CO to N2 was 3/7, the reduced gas flow rate was 

15L/min; the reduction temperature was 900 C and the 

reaction time was 180 min. The reducibility of sinter was 

measured as medium temperature reduction index (RI). 

2.2.3. Reducibility Test with Different FeO Content 

According to iron ores-low temperature disintegration test-

method using cold tumbling after static reduction (GB/ 

T13242-91), the low temperature disintegration of sinter was 

researched in this paper. 

The low temperature degradation test was composed of 

constant temperature reduction test and drum test. The 

conditions of former test were that the inner diameter of 

reaction tube was 75mm, the sample mass was 500g, the 

particle size was 10.0-12.5 mm, the reduction gas was 

composed of CO2-30CO-60N2, the reduction temperature 

was 500 C, the gas flow rate was 15l/min, and the reduction 

time was 60min. After the reduction reaction, it was cooled to 

room temperature in N2 atmosphere, and then weighted and 

loaded into a drum with φ130 × 200 mm to do the drum test. 

The rotational speed was 30 rpm and total round number was 

300. Then it was respectively sieved by 6.3 mm, 3.15 mm 

and 0.5 mm square hole screen to get corresponding particle 

size. And the mass percent of samples larger than 6.3 mm, 

less than 3.15 mm and less than 0.5 mm were respectively 

presented as RDI+6.3, RDI-3.15 and RDI-0.5, which were taken 

as the indicators of low temperature reduction performance 

of sinter. 

2.2.4. Reducibility Test with Different FeO Content 

The experiment adopted the 1/2ISO standard drum with 

diameter of 1000×250mm. The sinter with particle size 

greater than 10 mm was 7.5 kg, which was rotated at 25 rpm 

for 8 min. The mass percent of particle size greater than 6.3 

mm was taken as the drum index, and the mass percent of 

particle size less than 0.5 mm as abrasion index. 

3. Results and Discussion 

3.1. Effect on Sinter Property 

3.1.1. Effect on Sinter Granularity 

Table 1. Particle size data of sinter with different FeO content. 

FeO/wt.% <5 mm 5-10 mm 10-16 mm 16-25 mm 25-40 mm >40 mm 

7.5 2.3 18.8 25.9 25.6 19.7 7.8 

8.0 2.3 18.0 26. 4 26.8 18.5 7.9 

8.5 2.2 18.3 26.1 25.5 20.1 7.9 

9.0 2.2 18.1 25.5 26.4 20.1 7.8 

 

 

Figure 1. Distribution curve of particle size of sinter with different FeO 

content. 

The particle size test result of sinter adopted in Tangsteel 

iron-making plant is shown in Tablele1 and Figure 1. 

According to the experimental data and curve trend of 

Tablele1 and Figure 1, it can be seen that the particle size of 

sinter in the range of less than 5 mm decreases slightly with 

the increasing of FeO content from 7.5 wt.% to 8.5 wt.%, and 

then increases slightly with the increasing of FeO content 

from 8.5 wt.% to 9.0 wt.%, but the increasing quantity is not 

obvious. In the range of 5-10 mm, the particle size of sinter 

has a waving trend with the increasing of FeO content, but 

the variation is not obvious. In the range of 10-16 mm, the 

particle size of sinter is increased firstly and then decreases 

with the increasing of FeO content, and the maximum turning 

point is around 8.0 wt.%, and the variation range is slightly 

larger than the previous two intervals. With the increasing of 

FeO content in the range of 16-25 mm, the particle size 

variation is similar to that in the range of 5-10 mm, but the 

fluctuation amplitude is relatively large, and the maximum 

value is 8.5 wt.%. With the increasing of FeO content in the 

range of 25-40 mm, the particle size decreases firstly and 

then increases, and the lowest turning point is around 8.0 

wt.%. The variation range is larger than that in the range of 

10-16 mm. With the increasing of FeO content in the range of 
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over 40 mm, the particle size increases first and then 

decreases. The maximum turning point is around 8.0 wt.% 

with a slight fluctuation. Based on the above experimental 

data and analysis results, it can be seen that the best 

comprehensive distribution area of sinter particle size is 

within the FeO content of 8.0-8.5wt.%. 

3.1.2. Effect on Sinter Reducibility 

As shown in Figure 2, the experimental results show 

that the reduction of sinter decreased with the increasing 

of FeO content, and there is a maximum value of 83.76 in 

the range of FeO content 7.0-7.5 wt.%, while there is also 

a lowest value 81.61 in the range of FeO content 8.5-9.0 

wt.%. The difference between the highest point and the 

lowest point is about 2.15, thus, the difference is not big. 

According to the above experimental results and analysis, 

FeO content has no significant influence on the reduction 

of sinter within the range of 7.0-9.0 wt.%, but the overall 

trend is decreasing. 

 

Figure 2. Curve of reduction variation of sinter with different FeO content. 

 

Figure 3. Curve of low-temperature reduction disintegration index with different FeO 

content. 

Based on the RDI+6.3 curve of Figure 3, it can be seen 

that the overall trend of low temperature disintegration 

index is gradually decreased with the increasing of FeO 

content of sinter from 7.0 wt.% to 9.0 wt.%, and when the 

FeO content is in the range of 8.0-9.0 wt.%, the fluctuation 

extent of index is such small that it could be considered as 

no change; the overall trend of RDI-3.15 is gradually 

increased with the increasing of FeO content, and when the 

FeO content is in the range of 8.0-8.5 wt.%, the increasing 

extent of index is very small, which can be considered as no 

change; the overall trend of RDI-0.5 is gradually decreased 

with the increasing of FeO content of sinter, but the 

decreasing extent is smaller than that of RDI+6.3, and when 

the FeO content is in the range of 8.0-9.0 wt.%, the 

increasing extent of index is very small, which can be 

considered as no change. From the experimental results and 

analysis, it can be seen that the excellent area of low 

temperature disintegration index of sinter is within the 

range of 8.0~8.5 wt.% FeO content. 

3.1.3. Effect on Sinter Tumbler Strength 

The influence of different FeO content on drum strength 

of sinter is shown in Figure.4. The drum strength of sinter 

increases with the increasing of FeO content in the range of 

7.5-9.0 wt.%, but the increasing speed in the range of 7.5-

8.0 wt.% is slower than that in the range of 8.0-9.0 wt.%, 

which could be seen from the slope change of curve 

segmentation. Therefore, according to the curve and 

analysis results of Figure 4, the FeO content of sinter has 

great influence on the drum strength. The overall trend of 

drum strength of sinter is generally increased within the 

range of 7.5-9.0 wt.%. 

 

Figure 4. Curve of drum strength variation of sinter with different FeO 

content. 

3.1.4. Effect on Sinter Fuel Rate  

The variation of fuel ratio of sinter with different FeO 

content is shown in Figure 5. The FeO content has little 

influence on fuel ratio of sinter and the overall trend is 

gradually increased. In the range of 7.0-9.0wt.% FeO content, 

the increasing extent is not significant. It is remarkable that 

the abnormal point (fuel ratio 629kg/t) with about 8.5wt.% 

FeO content is a test point caused by the abnormal furnace 
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body during the experimental process, which is regarded as 

an invalid point and can be ignored. Therefore, according to 

the above experimental results and analysis, it is considered 

that the fuel ratio of sinter is increased slightly with the 

increasing of FeO content in the range of 7.0-9.0 wt.%, and 

its value fluctuation is within the normal index range of BF 

production. 

 

Figure 5. Curve of fuel ratio variation of sinter with different FeO content. 

The influence of different FeO content on the utilization 

coefficient and gas utilization rate of blast furnace is shown 

in Figure 6. The FeO content of sinter has no significant 

influence on utilization coefficient and gas utilization rate of 

blast furnace. BF utilization coefficient is increased with the 

increasing of FeO content within the range of 7.0-9.0 wt.%, 

while the increasing extent is slight and can be ignored. 

Therefore, according to the above experimental results and 

analysis, it is considered that FeO content within the range of 

7.0-9.0 wt.% has little influence on the utilization coefficient 

and gas utilization rate of blast furnace. 

 

Figure 6. Curves of blast furnace utilization coefficient and gas utilization 

rate with different FeO content. 

To sum up, according to the data analysis and research 

about the influence of different FeO content sinter on the 

particle size, reducibility, drum strength and fuel ratio, when 

the FeO content is within the range of 8.0-8.5 wt.%, the sinter 

metallurgical properties are sTablele and conducive to the 

smooth production of blast furnace. 

3.2. Effect on Blast Furnace Production 

According to the previous study on the influence of 

different FeO content (FeO content within the range of 7.0-

9.0 wt.%) on particle size, reduction performance, drum 

strength and fuel ratio of sinter, it is found that the 

comprehensive performance index of sinter is better when the 

FeO content is within the range of 8.0-8.5 wt.%. However, in 

order to verify whether the effect of different FeO content of 

sinter on blast furnace production is consistent with the 

experimental results, the actual production data of No.3 blast 

furnace in Tangsteel is tracked and collected, and the results 

are shown in Figure 7. 
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Figure 7. Curves of blast furnace production status with different FeO content of sinter: (a) fuel ratio, thermocompression, pressure difference and top 

temperature; (b) blast volume; (c) utilization coefficient of blast furnace; (d) drum index, permeability and gas utilization rate. 

The curves about effect of different FeO content on fuel 

ratio, thermocompression, pressure difference and top 

temperature during the production of the blast furnace are 

shown in Figure 7(a). From the curves trend, it can be seen 

that the fluctuation of four factors gradually become 

sTablele with the increasing of FeO content of sinter, and 

the optimum FeO content range is 7.8-8.6 wt.%. It is noted 

that the large fluctuation of pressure difference within the 

range of 8.2-8.4 wt.% is due to the normal maintenance of 

blast furnace. 

The curve about influence of different FeO content on 

blast volume is shown in Figure 7 (b). From the curve trend, 

it can be seen that the fluctuation of blast volume gradually 

becomes sTablele with the increasing of FeO content of sinter, 

and the minimum fluctuation area is within the range of 7.9-

8.6 wt.% FeO content. 

The curve about influence of different FeO content on BF 

utilization coefficient is shown in Figure 7(c). The fluctuation 

frequency of utilization coefficient of blast furnace decreases 

with the increasing of FeO content of sinter. And the 

fluctuation of BF utilization coefficient is relatively slow 

within the range of 7.8-8.6wt.%. 

The curves about influence of different FeO content on 

drum index, permeability and gas utilization rate are shown 

in Figure 7(d). From the curves trend, it can be seen that the 

drum index has no obvious change with the increasing of 

FeO content, thus, the FeO content has little effect on drum 

index. However, the effect on sinter permeability and gas 

utilization rate is gradually reduced, and the most influential 

region is within the range of 7.8-8.6 wt.%. 

According to the collected data and analysis results, it is 

concluded that the FeO content has good influence on BF 

production within the range of 7.9-8.6 wt.%, which is 

basically consistent with the previous experimental results 

(thus, the most suiTablele FeO content of sinter is 8.0-8.5 

wt.%). Therefore, the experimental result in this paper has 

guiding significance for BF actual production in Tangsteel 

iron-making plant. 

4. Conclusions 

Based on the sampling research of metallurgical 

properties of sinter in Tangsteel iron-making plant and 

systematical study on the effect of sinter FeO content on 

particle size, reduction performance, drum strength and BF 

fuel ratio, the analysis results are as follows: The increasing 

of FeO content of sinter has little impact on particle size of 

raw material. The reduction performance and reduction 

degradation index of sinter slowly decrease, while the drum 

strength and blast furnace fuel ratio slowly increase with 

the increasing of FeO content. The best metallurgical 

property is within range of 8.0-8.5 wt.% FeO content. 

According to the analysis results of actual production data 

of No.3 blast furnace in Tangsteel iron-making plant, the 

comprehensive metallurgical property of sinter is the best 

within the range of 7.9-8.6 wt.%FeO content, which is 

basically consistent with the test result. 
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