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Abstract 
As China’s ore resources have “poor, fine, mixed, scattered” environmental characteristics, with the rising 
price of imported iron ore, the cost of iron making production remains high. In order to withstand market 
risks, an ecological engineering laboratory sintered cup test was conducted on the ecological blending and 
fuel use of Guisha Mine. The results of the study show that, to a certain extent, Guishan Limonite can be 
environmentally and effectively used for sintering. And sum up the objective laws of the sintering process in 
ecosystem. With the increase of limonite, the regularity of the deterioration of the abiotic main properties of 
sintering was found. A method of improving the main properties of sintering after increasing the amount of 
fuel used can be found. 
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INTRODUCTION 
Ecological Engineering is the emerging field of the 

use of ecological processes within natural or constructed 
imitation of natural systems to achieve engineering 
goals. It has also been described as “the design of 
sustainable ecosystems that integrate human society 
with its natural environment for the benefit of both” 
(Odum 1963). 

China’s iron ore quality characteristics in 
environment (Xie and Wang 2010): “poor, fine, 
miscellaneous, scattered”, resulting in a lower level of 
overall utilization, domestic iron ore supply, far from 
meeting the development of China’s ecological 
engineering. In 2003, China’s steel was 220 million tons 
and 160 million tons of iron ore was imported. It 
replaced Japan for the first time to become the world’s 
largest importer of iron ore. 

In 2007, China produced 468 million tons of pig 
iron in natural system and required 728 million tons of 
finished iron ore. At that time, China produced 345 
million tons of finished iron ore (equivalent to 791 
million tons of domestic iron ore with 33% iron 
content), but it was far from To meet the needs of iron 

making, it is necessary to import 383 million tons of 
finished iron ore from abroad. The degree of foreign 
dependence is 52.64%, which is more than half (Shao et 
al. 2018). 

The price of imported iron ore has soared in recent 
years. From 2005 to 2008, the international iron ore 
benchmark price increases were 71.5%, 19%, 9.5%, and 
90%, respectively. The growing tension in iron ore 
ecological resources will certainly become a bottleneck 
restricting the development of China’s steel industry 
and ecological engineering. 

Limonite (mFe2O3, nH2O) (Chen et al. 2018) is a 
general name for hydrous ferric hydroxide and 
argillaceous matter. It includes goethite (FeO•OH), 
hydrotracite (FeO•OH, nH2O), hematite (FeO•OH), 
hydrocolloidite (FeO•OH, nH2O), water hematite 
(2Fe2O3) • H2O) etc. (Chen 2017, Ding et al. 2014, Liu 
et al. 2015, Shi 2016, Xie 2018, Xiao et al. 2015, Zheng 
1998). It does not have a fixed chemical composition 
and is a mixture of several minerals. Limonite iron 
content is not fixed: 48% to 62.9%. Hardness: 1.0 to 5.5, 
specific gravity: 3.0 to 4.2, specific magnetic 
susceptibility: (20 to 80) 10-9 m3/kg. The appearance 
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color is generally yellow brown, dark brown or black. 
Limonite’s specific gravity, specific magnetic 
susceptibility, and other physical properties are very 
close to that of the main gangue mineral quartz (specific 
gravity 2.65, specific magnetic susceptibility 10×10-9 
m3/kg), and the surface is heavily argillized with poor 
hydrophobicity. Due to the complex origin of limonite, 
relatively weak magnetic properties, uneven grain size, 
and easy argillization in the grinding process, the 
limonite ore is difficult to be ore-dressed. 

Based on the preliminary understanding of Guishan, 
in order to “advance its strengths and avoid 
shortcomings,” we learned about the use of limonite at 
home and abroad and learned from mature experiences 
and conducted laboratory tests (including detailed 
inspection of Guisha Limonite). Physicochemical and 
metallurgical performance indicators, ecological 
engineering tests and other technical means, so that the 
mine can be rationally and reasonably used. 

In order to adapt to the changing trend of iron ore 
ecological resources in the world, many domestic and 
foreign iron and steel enterprises have increased the 
consumption of limonite sintering materials. The 
research of high-maturing limonite sintering is mainly 
in Australia, Japan, France and China. At present, 
Japan’s Nippon Steel, Australia’s BHP Steel 
Corporation, Japan’s Sumitomo Metal Ogura Steel 
Corporation and other companies, the use of limonite 
sintering about 20%. The technical methods for the 
mature use of limonite sintering are: increasing the 
thickness of the material layer, reasonably matching the 
grain size, strictly controlling the water content of a 
mixture and mixing, and increasing the fuel 
consumption. 

LIMONITER PERFORMANCE 

Particle Size Composition 
The Guisha iron ore used in the laboratory tests was 

a granule-treated Guisha block ore and fines. The ratio 
of the powder after the whole grain is about 60%: 40%. 
There are more lump mines and larger crushing 
volumes. Because of the better water absorption of 
Guisha ore, the original mine has a larger water content. 
This caused greater difficulties in crushing and 
screening. The results of the determination of the 
particle size of the raw materials for laboratory tests are 
shown in Table 1. 

According to the data in Table 1, the following 
conclusions can be drawn. 

The block ore less than 5mm is less than 0.6mm. 
The average size of the lump ores is 36.10 mm. The 
fraction of >8mm in the particle size composition of 
the ore fines is more than 21.24%. The portion of 1 to 8 
mm is 63.11%. The portion less than 1 mm is 15.55%. 
The ore fines have an average particle size of 5.12mm 
with a large particle size. The average fineness of other 
fines is 2.75-3.33 mm. The average grain size of iron 
concentrates is small, 0.11 to 0.26 mm. 

Chemical Composition 
The chemical composition of various raw materials 

used in laboratory tests is shown in Table 2. The 
following conclusions can be found from Table 2. The 
fine iron ore grade is 52.18%, the SiO2 content is 5.28%, 
and the burning loss rate is 11.300%. Its MnO content 
is relatively high, S, P, Al2O3, Zn, Pb, As and other 
harmful elements are relatively low, which is conducive 
to blast furnace longevity and smelting high-quality pig 
iron. Due to the low iron grade of Guisha Iron Ore, the 
increase in its proportion will affect the TFe content of 
the sinter. 

Table 1. Raw material particle size composition 
Item ＞40 

mm 
40～

25mm 
25～

16mm 
16～

10mm 
10～
5mm 

＜
5mm 

Average particle 
size mm Moisture Total 

Guishan 
block 57.36 26.03 11.64 4.11 0.17 0.68 36.10 3.00 100.00 

 

Item ＞10 
mm 10～8 mm 8～

5mm 
5～

3mm 
3～

1mm 
1～

0.7mm 
0.7～

0.2mm 
＜

0.2mm 
Average particle 

size mm Moisture Total 

Guisha 
powder 9.74 11.60 28.07 19.03 16.01 4.64 8.12 2.78 5.12 13.60 100.00 

 

Table 2. Chemical composition of raw materials (%) 
Item TFe Si2O CaO MgO S P Al2O3 MnO 

Guisha block 54.04 5.26 0.49 0.35 0.037 0.064 1.27 1.44 
Guisha powder 52.18 5.28 0.85 0.44 0.052 0.080 1.45 4.34 

 

Item TiO2 Pb Zn K2O Na2O As Cu Sn Burning rate 
Guisha block 0.141 0.001 0.009 0.203 0.012 0.002 0.002 0.015 10.270 

Guisha powder 0.273 0.001 0.021 0.150 0.023 0.007 0.012 0.014 11.300 
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The fixed carbon content of the fuel for sintering is 
72.74% and the ash content is 20.46%. S content is high, 
up to 0.64%. The fuel industry analysis is shown in 
Table 3. 

Ore Phase 
In the Guishan block, the limonite content is more 

than 80% and the quartz content is 10%. The rest is 
hematite and other impurity minerals. The Limonite in 
Guisha powder is more than 85%. The rest are quartz, 
hematite and other impurity minerals. It can be seen 
that the composition of the Guisha mineral phase is 
dominated by limonite. Its proportion is more than 
85%. 

Morphological Features 
The appearance features of Guisha mine are shown 

in Fig. 1 and Fig. 2. It can be seen from Fig. 1 and Fig. 
2 that the surface of Guisha ore is rough and its 
microstructure is loose and porous. This largely 

determines its characteristics of strong water 
absorption, large wet capacity and good balling 
properties. 

Crystal Morphology 
The Brazilian CVRD study results show that the 

sinter ability of iron ore is closely related to the 
crystallization state of iron minerals. The small grain 
size of minerals is beneficial to increase the output of 
sinter, and the large grain size of minerals is beneficial 
to increase the strength of sinter. 

The crystalline state of iron minerals of Brazilian 
MBR coarse meal is shown in Fig. 3. The crystalline 
form of iron minerals in the Isko Powder Mine in South 
Africa is shown in Fig. 4. 

From Fig. 3 and Fig. 4, it can be seen that the 
crystalline forms of Brazilian MBR coarse powder and 
South African Isco fines are clearly visible. In 
comparison, South African ore has a smaller crystal 
grain size and denser microstructure. The Brazilian 

Table 3. Analysis of Fuel Industry (%) 
Fixed carbon Ash Volatile Crystal water S 

72.74 20.46 5.67 1.13 0.64 
 

 
Fig. 1. Magnifying view of Guisha mine 50 times 
larger 

 

 
Fig. 2. Magnification view of Guisha Mine 200 times 
larger 

 
Fig. 3. Brazilian MBR coarse powder crystalline form 

 

 
Fig. 4. Crystalline Form of Isco, South Africa 
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MBR coarse powder crystal size and Moderate 
organizational structure. 

From Fig. 5 and Fig. 6, it can be found that Guishao 
has a looser organization structure, a smaller crystal 
grain size, and a shape similar to that of the coral on the 
seabed, showing the typical limonite crystal state. 

RESULTS AND DISCUSSION 
The ecological engineering test was performed on a 

sintered cup having a diameter of 250 mm. The material 
layer height is 600mm. The suction negative pressure is 
9100Pa. The ignition time is 3min. Negative ignition 
pressure is 4000Pa. The basicity of the sinter is 1.80 
times. Quick lime ratio of 4.50%. 

Single Firing Test 
The ratio of single burning fuel was: benchmark 

5.80%, single burn 6.52% 1#, and single burn 7.80% 
2#. The purpose is to understand the sintering 
properties of Guishafen. The main performance of the 
single firing test is shown in Table 4. 

Table 4 shows the characteristics of the single-fired 
Guisha ore compared with the benchmark. 

The mixture fuel ratio increased by 1.36%. The 
mixture has strong water absorption and the water 
content increases by 1.30%. The particle content of the 
mixture <3mm is reduced by 12.95% and the average 
particle size is increased by 1.12mm. This shows that 
Guisha mine has good balling performance. 

Sintering index reduces the vertical sintering speed 
by 2.09mm/min. This is related to the better water 
absorption of Guisha ore, lower material temperature, 
thicker over-wet layer, and severely affecting the vertical 
sintering speed. Drum strength is low 1.87%. The yield 
decreased by 23.99%. This is related to the high crystal 
water content in Guisha Mine and its severe burst. 
Compared with No. 2 single-fired, No. 1 single-
burning, the fuel ratio increased from 6.52% to 7.80%. 
This led to an increase in the drum index of sinters and 
a significant increase in the yield. 

The average grain size of the sinter is reduced by 
4.69 mm. <5mm fraction increase 5.94%. The sinter 
TFe content decreased by 2.08%. 

Matching Test 
On the basis of the single-fired test, the proportion 

of Vietnam’s Guisha ore was gradually increased from 
10%, 20%, 30%, 40%, and 50% for a comparative firing 
test. The test conditions are similar to the single firing 
test. The main properties of the firing sintering test are 
shown in Table 5. 

Table 5 shows that compared with the benchmark, 
the proportion of Guisha mine in Vietnam increased. 
The moisture content of the mix gradually increased. 
The content of <3mm fraction gradually decreased, and 

Table 4. The main performance of single mineral sintering test 

Item 

Mixture Sintering index Sinter 

Fuel 
ratio % 

Water 
% 

＜3mm 
% 

Average 
granularity 

mm 

Vertical 
firing 
speed 

mm/min 

Utilization 
factor 
t/m2.h 

Drum 
index % Yield % 

Average 
particle 

size 
mm 

<5mm 
% 

TFe 
% 

Baseline 5.80 10.20 24.21 5.32 16.38 1.26 55.87 73.61 26.44 10.72 52.67 
1# 6.52 11.60 6.89 6.81 14.63 0.53 50.00 42.86 18.88 17.59 50.30 
2# 7.80 11.40 15.63 6.08 13.95 0.67 58.00 56.38 24.62 15.71 50.88 

Average 7.16 11.50 11.26 6.45 14.29 0.60 54.00 49.62 21.75 16.65 50.59 
Comparing +1.36 +1.30 -12.95 +1.12 -2.09 -0.66 -1.87 -23.99 -4.69 +5.94 -2.08 

 

 
Fig. 5. Crystallization of Guisha ore (500 times) 

 

 
Fig. 6. Crystallization of Guisha ore (1000 times) 
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the particle size gradually increased. In the sintering 
index, the vertical sintering speed gradually decreases. 
The reason for this phenomenon is that Guisha mine 
has good water absorption properties, low material 
temperature, and thicker over-wet layer in the sintering 
process. Therefore, the utilization factor decreases 
accordingly. The yield of sinters gradually decreased 
and the drum index decreased gradually. The reason for 
this phenomenon is that Guisha mine has a high 
crystalline water content and a large burn loss. The 
average grain size of sintered ore decreases, the content 
of <5mm grain size increases, and the TFe content 
decreases. When the proportion of Guisha fines is 10%, 
the indicators of sintering do not change much. 

Therefore, with the increase of the ratio of Guisha 
ore, the main performance of sintering becomes worse. 

Increase Fuel Test 
Experiments were conducted to increase the fuel 

ratio for the problems in the firing test. The goal is to 
choose the right amount of fuel. To achieve the purpose 
of improving the technical and economic indicators of 
sintering. Based on the firing test, the fuel ratio 
increased with the increase of the ratio of the Guisha 
ore. The main performance of the increased fuel test is 
shown in Table 6. 

From Table 6, it can be seen that compared with the 
benchmark, the increase in the ratio of Guisha ore and 
fuel may cause some phenomena. The water content of 
the mixture is controlled between 10% and 10.8%. The 
content of <3mm grain size is reduced, and the average 
material content is increased. In the sintering index, the 
vertical sintering speed decreases, and the utilization 
factor decreases accordingly. The yield of sinters 
gradually decreased. However, the drum index has been 
significantly improved. The average grain size of the 
sintered ore increased, and the content of the <5 mm 
grain size slightly increased but improved compared 
with that in the baking test. The TFe content has 
decreased. Therefore, increasing the fuel ratio has a 
positive effect on increasing the drum index of sinter. 

CONCLUSION 
Environmentally, Guisha mine has good balling 

performance, but it has strong water absorption, low 
material temperature, and thicker over-wet layer. This 
type of ecosystem seriously affects the vertical sintering 
speed. As a result, the drum strength is low and the yield 
is reduced. 

With the increase of the ratio of Guisha ore in 
Vietnam, the moisture content of the mixture gradually 
increased, the content of <3 mm grain size gradually 

Table 5. The main performance of multi-mineral mixed ratio sintering test 

Item 

Mixture Sintering index Sinter 

Fuel 
ratio % 

Water 
% 

＜3mm 
% 

Average 
granularity 

mm 

Vertical 
firing 
speed 

mm/min 

Utilization 
factor 
t/m2.h 

Drum 
index % Yield % 

Average 
particle 

size 
mm 

<5mm 
% 

TFe 
% 

Baseline 5.80 10.20 24.21 5.32 16.38 1.26 55.87 73.61 26.44 10.72 52.67 
10% 5.75 10.00 13.57 5.95 16.44 1.22 57.33 72.10 27.73 11.19 52.32 
20% 5.69 10.80 9.42 6.28 14.81 1.02 56.13 69.78 26.49 14.25 52.02 
30% 5.59 11.20 6.77 5.75 14.29 0.96 56.00 68.58 28.18 12.17 51.75 
40% 5.50 12.40 6.06 7.69 10.71 0.63 51.33 61.52 23.75 18.13 51.32 
50% 5.41 10.00 10.51 6.69 11.76 0.60 48.67 54.09 25.61 14.59 51.07 

Average 5.62 10.77 11.76 6.28 14.07 0.95 54.22 66.61 26.37 13.51 51.86 
Comparing -0.18 +0.57 -12.45 0.96 -2.31 -0.31 -1.65 -7.00 -0.07 +2.79 -0.81 

 

Table 6. Increased Fuel Ratio Sintering Test Main Performance and Specifications 

Item 

Mixture Sintering index Sinter 

Fuel 
ratio% 

Water 
% 

＜3mm 
% 

Average 
granularitymm 

Vertical 
firing 
speed 

mm/min 

Utilization 
factort/m2.h 

Drum 
index% Yield% 

Average 
particle 

size 
mm 

<5mm 
% 

TFe 
% 

Baseline 5.80 10.20 24.21 5.32 16.38 1.26 55.87 73.61 26.44 10.72 52.67 
10% 5.89 10.00 19.57 5.95 16.44 1.22 57.33 72.10 27.73 11.19 52.32 
20% 6.03 10.00 10.89 6.79 11.76 0.77 59.33 63.67 28.93 11.71 52.81 
25% 6.10 10.20 17.77 6.55 11.65 0.75 56.67 63.63 26.82 12.58 53.10 
30% 6.16 10.34 14.85 7.38 10.91 0.73 56.67 65.85 29.75 11.73 52.71 
35% 6.23 10.80 12.88 6.11 12.00 0.75 59.33 65.07 26.58 11.37 52.13 
40% 6.30 10.80 17.29 5.42 12.50 0.80 57.33 66.54 30.73 11.41 51.17 
50% 6.45 10.00 11.98 6.65 13.33 0.74 52.00 60.44 27.73 11.19 50.97 

Average 6.12 10.29 16.18 6.27 13.12 0.88 56.82 66.36 28.09 11.49 52.24 
Comparing +0.32 +0.09 -8.03 +0.95 -3.26 -0.38 0.95 -7.25 +1.65 +0.77 -0.43 
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decreased, and the grain size gradually increased. This 
results in a decrease in the vertical sintering rate in the 
sintering index and a corresponding decrease in the 
utilization factor. The sinter yield decreases, the drum 
index decreases gradually, the average grain size of the 
sinter decreases, the content of <5 mm grain increases, 
and the TFe content decreases. The main property that 
eventually leads to ecological sintering deteriorates. 

With the increase of the ratio of Guisha ore and fuel, 
the content of <3mm grain size decreases, and the 
average material size increases. This results in a decrease 
in the vertical sintering rate in the sintering index and a 

corresponding decrease in the utilization factor. The 
yield of sinters gradually decreased, but the drum index 
was significantly improved. Therefore, increasing the 
fuel ratio has a positive effect on increasing the drum 
index of sinter. 

ACKNOWLEDGEMENTS 
Project funded by the Ministry of Education of 

Yunnan Province (Grant: KKJB201752017), Industrial 
Development Project of Yunnan Provincial 
Department of Education Science Research Fund 
(Grant: 2016CYH07), Yunnan Science and Technology 
Plan Project (Grant: 2017ZE033). 

REFERENCES 
Chen W (2017) Effect of magnetic field heat treatment on the magnetic properties of a limonite. Modern Mining, 

33(06): 139-141+151. 
Chen W, Zhang T, Li G, Zhao Z, Li B, Wu W (2018) Study on the effect of additives on the direct reduction of 

coal base in limonite. Mining and Metallurgical Engineering, 38(01): 76-80. 
Ding B, Yang D, Wan S, Wang X (2014) Magnetization roasting-magnetic separation test of a limonite in Guizhou. 

Metal Mining, (05): 78-81. 
Liu H, Wang W, Wang S, Cao Y, Gao Z (2015) Experimental Study on Roasting and Magnetic Separation of a Fine-

grained Manganese-containing Limonite. China Mining Magazine, 24(06): 110-115. 
Odum HT (1963) “Man and Ecosystem” Proceedings, Lockwood Conference on the Suburban Forest and Ecology, 

in: Bulletin Connecticut Agric. Station. 
Shao L, Xu Z, Zhang S (2018) Research on the Influencing Factors of Iron Ore Price under the New Market 

Pattern. Management Review, 30(02): 13-24. 
Shi Z (2016) Study on phase transition of direct reduction process for high-alumina limonite. Metallurgical 

Analysis, 36(11): 34-40. 
Xiao J, Zhang Y, Feng Q, Chen C (2015) Study on Iron Extraction and Phosphorus Reduction from Roasting of 

High Phosphorus Oolitic Limonite. Journal of China University of Mining & Technology, 44(04): 731-738. 
Xie L (2018) Research on preliminarily-magnetized roasting-weakening magnetic separation process of a limonite 

abroad. Mining and Metallurgical Engineering, 38(02): 51-54. 
Xie X, Wang Y (2010) Current status and thinking on the research of ore dressing of limonite. Metal Mining, (01): 

6-10. 
Zheng Z (1998) Discussion on the Selection of Limonite. Jiangxi Metallurgy, (06): 39-41. 

 


	INTRODUCTION
	LIMONITER PERFORMANCE
	Particle Size Composition
	Chemical Composition
	Ore Phase
	Morphological Features
	Crystal Morphology

	RESULTS AND DISCUSSION
	Single Firing Test
	Matching Test
	Increase Fuel Test

	CONCLUSION
	ACKNOWLEDGEMENTS
	REFERENCES

