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Abstract

:

Because of their excellent properties, glass-ceramics have been widely developed and applied in many fields, and there are many potential application values to be disseminated. The preparation of glass-ceramics from industrial slag and metallurgical waste provides a new way for the comprehensive utilization of solid waste. Coal gangue is the largest of all kinds of industrial waste slag, while iron tailings and high-carbon ferrochrome slag also occupy a large proportion of China’s industrial solid waste. With cheap industrial solid waste as the main raw material, the production of high-value-added glass-ceramics can reduce pollution, protect the ecological environment, and have good economic and social benefits. Cordierite glass-ceramics were prepared using the sintering method with coal gangue, iron tailings, and high-carbon ferrochrome slag as the main raw materials. Meanwhile, an iron silicon alloy containing chromium was obtained. The heat treatment system of basic glass was determined by differential scanning calorimetry (DSC), and the sintered product was analyzed by X-ray diffraction (XRD) and scanning electron microscopy (SEM). An orthogonal test was used to analyze the effects of the mass of basic glass powder, molding pressure, and holding time on the grain size and crystallinity of the samples. The hardness, acid and alkali resistance, density, and water absorption of the sintered products were determined. The results show that the main crystal phase of the prepared glass-ceramics is cordierite. The optimal combination for the green body is “basic glass powder mass 6 g, molding pressure 35 MPa, holding time 10 min”. The properties of glass-ceramics are good. At the crystallization temperature of 970 °C, the Vickers hardness is up to 866 HV, and the bulk density is up to 2.99 g/cm3. This study may provide a useful reference for the treatment of industrial solid waste.
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1. Introduction


Iron ore is one of the most common resources widely used in industry while the tailings discarded during the beneficiation and smelting process of iron ore have become a serious hazardous waste worldwide [1,2]. In China and Brazil, more than 10 billion tons of iron ore tailings are discarded as waste and are normally deposited in tailings dams while less than 7% are recycled as secondary resources [3,4]. Coal gangue powder is another common tailing discarded after the mining and cleaning of raw coal [5]. Currently, the amount of coal gangue powder stored in China reaches 5 billion tons and is growing at a rate of 0.15–0.2 billion tons per year but the rate of reuse is less than 15% [6,7,8,9,10]. The primary disposal method of iron ore tailings and coal gangue powder waste is storage, which means that they not only occupy a huge area and pollute the environment but also cause security risks due to the possibility of a dam break [11,12,13,14,15,16].



In the current context of achieving the goal of “carbon peak, carbon neutrality”, harmless resource recovery is an important direction [17] of the disposal of industrial solid waste. Industrial solid waste mainly includes solid waste produced by metallurgical, chemical, machinery, and other industrial production sectors. According to the “2019 annual report on the prevention and control of environmental pollution by solid waste in large and medium cities”, in 2018, the production volume of China’s bulk industrial solid waste, such as tailings, fly ash, coal gangue, smelting waste, furnace slag, and desulphurization gypsum, was 880 million tons, 530 million tons, 350 million tons, 370 million tons, 310 million tons, and 120 million tons, respectively. The comprehensive utilization rate was 27.1%, 74.9%, 53.7%, 88.7%, 71.0%, and 73.6%, respectively. However, there are also the following problems: the production volume and historical pile stock are large; there is a lack of cross-industry technology research and development; the high value disposal and utilization technology investment is large, but the added value of the products is not high; and the standard system support is insufficient. Among them, tailings and coal gangue belong to the secondary resources [18] of mining. Industrial solid waste contains a large number of different composition ratios of Al2O3, SiO2, MgO, CaO, and other components; these components are the preparation of glass-ceramics raw materials [19].



Glass-ceramics is a kind of polycrystalline material with a fine microstructure which is promoted by adjusting the heat treatment system. [20] It is widely used in machinery, electronics, aerospace, chemical anti-corrosion, mining, road, construction, medicine, and other aspects; one of its important applications is as a building decoration material. The use of industrial solid waste to prepare glass-ceramics decorative materials can not only offer better performance than granite and natural marble decorative materials, but also provide a new way for the resource treatment of industrial solid waste [20].



In recent years, scholars in China and abroad have carried out a lot of work in the preparation of glass-ceramics from industrial solid waste, especially in the preparation of glass-ceramics from smelting waste slag and tailings [21,22,23,24,25,26,27]. Examples include blast furnace slag glass-ceramics, steel slag glass-ceramics, chromium slag glass-ceramics, fly ash glass-ceramics, gold slag glass-ceramics, iron tailings glass-ceramics, copper tailings glass-ceramics and coal gangue glass-ceramics, etc. Because a single kind of industrial solid waste often cannot meet the requirements for the direct preparation of excellent performance of glass-ceramics, auxiliary materials are added to industrial solid waste to achieve the purpose of preparing different properties of glass-ceramics. Since auxiliary materials are mostly pure chemical compositions or raw materials mined from the environment, high preparation costs and environmental damage cannot be avoided. Composite solid waste glass-ceramics contain two or more kinds of solid waste based on the principle of complementary composition, without adding any (or only adding a small amount of) auxiliary materials to the preparation of glass-ceramics.



However, the properties of industrial solid waste in different places and technological conditions are quite different, leading to certain problems in the stability of raw materials. On the other hand, due to the complexity of raw materials, the production process is not universal, increasing the cost of research and production, which affects its scale development [28,29,30,31,32] to a certain extent. Therefore, the industrial solid waste preparation of glass-ceramics still needs a lot of in-depth theoretical and experimental research to be carried out.



The theoretical chemical composition of cordierite is 2MgO·2Al2O3·5SiO2. The ideal chemical composition content should be: MgO 13.7wt%, Al2O3 34.93wt %, SiO2 51.37 wt%. The melting point of cordierite is around 1460 °C (it fluctuates depending on the composition of the solid solution). There are three basic variants of cordierite, namely, α-cordierite, β-cordierite, and μ-cordierite. Because the physical properties of α-cordierite and β-cordierite are not significantly different, it is also difficult to distinguish them via X-ray diffraction. Therefore, most materials scientists do not distinguish between the two when it comes to materials research. Cordierite glass-ceramics have low thermal expansion, excellent thermal shock resistance, high mechanical strength, low dielectric constant, and high electrical resistivity [33,34].



In this paper, three kinds of industrial solid waste, namely, iron tailings, coal gangue, and high-carbon ferrochrome slag, were used as raw materials, and cordierite glass-ceramics were prepared using the sintering method without adding supplementary materials. Meanwhile, an iron silicon alloy containing chromium was obtained. The sintered products were analyzed by X-ray diffraction and scanning electron microscopy. An orthogonal test was used to analyze the effects of the mass of basic glass powder, molding pressure, and holding time on the grain size and crystallinity of the samples. The hardness, acid and alkali resistance, density, and water absorption properties of the sintered products were determined. The composition of iron silicon alloy was determined using an X-ray fluorescence spectrometer (Zetium, PANalytical B.V., Almelo, the Netherlands).




2. Experimental Scheme


2.1. Experimental Materials


The raw materials used in this experiment include coal gangue, iron tailings, and high-carbon ferrochrome slag. Benxi, known as the capital of coal and iron, is rich in coal and iron resources. With the mining and washing process of raw coal, a large amount of coal gangue is produced. The coal gangue and iron tailings produced during the mining of these mineral iron resources are basically stacked idle, resulting in a certain amount of ecological environmental pollution, but they also bring a lot of inconvenience to people’s lives, and, more importantly, this does not meet the requirements of China’s current layout of a carbon peak and carbon neutral sustainable development strategy. The coal gangue selected in this experiment is taken from Benxi’s local coal yard. After the mining and beneficiation of iron mines, a large amount of iron tailings is also produced. The raw material of this experiment are the iron tailings of Benxi’s Waitou Mountain Iron Mine. Because the high-carbon ferrochrome slag has a high viscosity at high temperature, the appropriate addition of the other raw materials can reduce the viscosity and increase the content of SiO2 at the same time, which can meet the production conditions of glass-ceramics. Their chemical composition is shown in Table 1.



According to the stable region of the cordierite phase in the MgO-Al2O3-SiO2 ternary phase diagram, the composition ratio of glass-ceramics is determined, and then the ratio of each raw material is calculated. The raw materials used in each experimental scheme are shown in Table 2.




2.2. Experimental Methods


First of all, the iron tailings, coal gangue, and high-carbon ferrochrome slag were broken to the particle size of 5 mm, and then the crushed coal gangue, iron tailings, and high-carbon ferrochrome slag were put into the experimental drum ball mill (QM-5, Changsha Tianchuang Powder Technology Co., Ltd., Changsha, China) for grinding; the grinding time was 3 h. After grinding, a 200-mesh size of coal gangue, iron tailings, and high-carbon ferrochrome slag were selected with a 200-mesh screen.



Cordierite glass-ceramics were prepared using the sintering method in this experiment. First, three raw materials prepared in proportion were melted in a vacuum induction furnace (XL-0.025-50-25, Liaoning Jinzhou Transformer Factory, Jinzhou, China), and the clarified and homogenized melt was poured into water for quenching treatment. Pure basic glass, pure alloy, and a mixture of alloy and basic glass were obtained. Alloys were selected from the mixture through magnetic separation, and the pure alloy mentioned above was placed in the vacuum induction furnace for secondary melting. The glass after water quenching is shown in Figure 1. Then, the glass after water quenching was ground into a powder by a ball mill (XQM-1, Changsha Tianchuang Powder Technology Co., Ltd., Changsha, China) and screened out of different grain grades for preservation. The nucleation temperature and crystallization temperature of the three schemes were obtained by differential thermal analysis (STA449F3, NETZSCH Group, Selb, Germany) of the glass powder, as shown in Table 3. In order to seek the best crystallization temperature, keep the nucleation temperature, nucleation time, crystallization time, and heating rate unchanged; the final heat treatment system is shown in Table 4. The glass powder is pressed into a “cake”. The basic glass powder molding equipment is a hydraulic prototyping machine. Process control parameters are quality of basic glass powder, forming pressure, and holding time. Among them, the quality of basic glass powder is 4 g, 6 g, and 8 g, respectively; the molding pressure is 30 MPa, 35 MPa, and 40 MPa, respectively; and the holding time under a certain molding pressure is 8 min, 10 min, and 12 min, respectively. The process control parameters are shown in Table 5. The basic glass powder and green body are shown in Figure 2. Finally, the green body was heat-treated in a box-type high-temperature sintering furnace (KSL-1400X, Hefei Kejing Material Technology Co., Ltd., Hefei, China) to obtain the glass-ceramics sample for the performance test.



It is worth mentioning that in the preparation process of glass-ceramics, a ferroalloy was also obtained. The high-carbon ferrochrome slag was first placed in the furnace for melting, simulating the state of the slag during iron production in the ferroalloy factory. The time from the beginning of melting to the full melting of the high-carbon ferrochrome slag was recorded, and the energy consumption of the full melting of the high-carbon ferrochrome slag could be calculated based on the furnace power and time, which can estimate how much energy can be saved. After the high-carbon ferrochrome slag was fully melted, a mixture of iron tailings and coal gangue was added in batches. After the mixture was added and fully melted, the furnace was kept at a constant power to clear the glass for one hour. The basic glass prepared this time did not include nucleating agents and clarifying agents. The reduction in iron oxide in the iron tailings caused by the coal gangue would generate carbon monoxide bubbles, which would play a clarifying role and stir the liquid to make it uniformly clear. During stirring, due to density reasons, iron particles would sink and many iron particles would also gather. However, there was still metal chromium in the liquid, and at this point, iron would trap chromium particles, forming larger metal blocks.



The Archimedes method was used to test the density of glass-ceramics. At room temperature, the mass of the glass-ceramic sample in air was first measured using a balance, and then its mass in distilled water was measured. The density of the glass-ceramic sample can be determined using the Archimedes method measurement formula.



The principle of the Vickers hardness measurement is to press a diamond-shaped indenter into the polished surface of the sample under a set load, and maintain it for a certain period of time. It is a common hardness testing method using a microscope to measure the value of the long diagonal of a diamond and calculate the hardness using a formula.





3. Experimental Results and Discussion


3.1. X-ray Diffraction (XRD) Analysis


The phase of the sample after heat treatment was identified by the D8 Advance X-ray diffractometer of Bruker Corporation from Germany. The measuring conditions were as follows: Cu target Kα line, tube voltage 40 kV, tube current 40 mA, and scanning angle range 10°~90°.



The XRD analysis results of samples 1#①, 2#③, and 3#② are shown in Figure 3.



It can be seen from the figure that cordierite, cristobalite, enstatite, and rutile phases are present in the samples of the three schemes. It can be confirmed that the main crystal phase of the prepared glass-ceramics is cordierite.



According to the XRD test results of the sample, the crystallinity and crystallite size of the crystal phase can be judged. The crystallite size is calculated using the Scherrer formula, which is determined with the following expression (1), where, D is the average thickness of the grain perpendicular to the direction of the crystal plane, K is the Scherrer constant, λ is the X-ray wavelength, β is the half-high width of the diffraction patterns, and θ is the diffractive angle.


  D =   K λ   β cos θ        



(1)







An orthogonal test was used to analyze the effects of the mass of basic glass powder, molding pressure, and holding time on the grain size and crystallinity of the samples. Orthogonal test table L9 (33) was designed in Table 6. Then, the experimental data were added into Table 7. Finally, the experimental data were imported into the SPSSAU platform for range analysis in Table 8.



	(1)

	
Orthogonal test table L9 (33)









 





Table 6. Orthogonal design table.






Table 6. Orthogonal design table.





	Numbering
	Factor 1 (Basic Glass

Powder Mass/g)
	Factor 2 (Molding

Pressure/MPa)
	Factor 3 (Holding Time/min)





	1
	1 (4)
	1 (30)
	1 (8)



	2
	1
	2 (35)
	3 (12)



	3
	1
	3 (40)
	2 (10)



	4
	2 (6)
	1
	3



	5
	2
	2
	2



	6
	2
	3
	1



	7
	3 (8)
	1
	2



	8
	3
	2
	1



	9
	3
	3
	3








	(2)

	
Adding experimental data









 





Table 7. Orthogonal design table experimental data.






Table 7. Orthogonal design table experimental data.





	Factor 1

(Basic Glass Powder Mass/g)
	Factor 2

(Molding Pressure/MPa)
	Factor 3

(Holding Time/min)
	Crystallinity (%)
	Crystallite Size

(nm)





	4
	30
	8
	38.2
	46.71



	4
	35
	12
	38.5
	43.37



	4
	40
	10
	38.7
	46.07



	6
	30
	12
	38.1
	48.59



	6
	35
	10
	41.1
	52.23



	6
	40
	8
	36.8
	51.05



	8
	30
	10
	33.7
	64.27



	8
	35
	8
	36.4
	50.46



	8
	40
	12
	34.8
	49.88








	(3)

	
SPSSAU platform for range analysis









 





Table 8. Range analysis table.






Table 8. Range analysis table.





	
Items

	
Levels

	
Factor 1

(Basic Glass Powder Mass/g)

	
Factor 2

(Molding Pressure/MPa)

	
Factor 3

(Holding Time/min)






	
K value

	
1

	
115.40

	
110.00

	
111.40




	
2

	
116.00

	
116.00

	
113.50




	

	
3

	
104.90

	
110.30

	
111.40




	
K average value

	
1

	
38.47

	
36.67

	
37.13




	
2

	
38.67

	
38.67

	
37.83




	

	
3

	
34.97

	
36.77

	
37.13




	
Optimal level

	
2

	
2

	
2




	
R

	
3.70

	
2.00

	
0.70




	
Level quantity

	
3

	
3

	
3




	
Repeat number r per level

	
3.0

	
3.0

	
3.0









The table above is the result of range analysis. From the table of range analysis, a comparison of the combined value (factor range value) shows that the mass of the basic glass powder of factor 1 is the best factor, followed by the molding pressure of factor 2, and the holding time of factor 3. Therefore, the advantages and disadvantages of the three factors are ranked as follows: Factor 1 (mass of basic glass powder) > Factor 2 (molding pressure) > Factor 3 (holding time).



Specifically combined with the best level of each factor, it can be seen that the second level of the mass of the basic glass powder of factor 1 is the best at 6 g, the molding pressure of factor 2 is the best at 35 MPa, and the holding time of factor 3 is the best at the second level, 10 min.



Based on the above analysis, it can be seen that the optimal factor is the mass of the basic glass powder. The optimal combination is “basic glass powder mass 6 g, molding pressure 35 MPa, holding time 10 min”.



	(4)

	
Figure of the mean value of each level of the factor (Figure 4)








3.2. Scanning Electron Microscopy (SEM) Analysis


The morphology and size of crystals in the glass-ceramics were identified by the EVO 18 Special Edition scanning electron microscope (SEM) of Carl Zeiss Microscopy GmbH from Germany. The samples of each group of glass-ceramics are ground on sandpaper, and then polished on the polishing machine. The polished samples are soaked in hydrofluoric acid with a concentration of 5% for 90 s. The glass body is easily corroded by hydrofluoric acid, and the glass-ceramics corroded by hydrofluoric acid only have crystals, so that the structural form of glass-ceramics can be observed. After gold spraying, the microstructure was observed under SEM, and the SEM analysis results of samples 1#①, 2#③, and 3#② are shown in Figure 5.



It can be seen from the figure that the crystal size of the prepared glass-ceramics is 1μm, the glass-ceramics sintered at 970 °C have a strip-like structure, and the crystal and glass are alternately evenly distributed, while the glass-ceramics sintered at 1100 °C have a shorter grain length.




3.3. Hardness


The hardness of the glass-ceramics was measured using the HVS-50 digital display Vickers hardness tester of Laizhou Huayin Testing Instrument CO., LTD. from China. It adopts 25, 50, 100, 150, and 200 g, respectively. The pressure holding time is 15 s, and the microhardness can be obtained by looking up the table according to the indentation length.



The hardness test results of specimens 1#①, 2#③, and 3#② are shown in Table 9.



It can be seen from the above table that the Vickers hardness of sample 1#① is the largest, at 866 HV. The hardness is closely related to the microstructure of the sample. Under the conditions of this experiment, the sample with a long strip and an alternating uniform distribution of crystal and glass has the highest hardness. The small grain size obtained by high crystallization temperature decreases the hardness.




3.4. Other Properties


Water absorption rate test: first, the sample was weighed on the balance and its mass was measured as m1, and then it was boiled in boiling water for 1 h. After the surface water of the sample was air-dried, its mass was measured as m2. According to the formula (m2 − m1)/m1 × 100%, the water absorption rate could be measured.



Acid resistance test: first, the sample was weighed on the balance and its mass was measured as m1, and then soaked in sulfuric acid solution with a concentration of 1% for 24 h. Then, it was taken out and its mass was determined again as m2. Its acid resistance could be obtained according to the formula (m2 − m1)/m1 × 100%.



Alkali resistance test: first, the sample was weighed on the balance and its mass was measured as m1, and then soaked in 1% sodium hydroxide solution for 24 h. Then, it was taken out and its mass was measured as m2. According to the formula (m2 − m1)/m1 × 100%, its alkaline resistance could be obtained.



The test results of bulk density, water absorption, acid resistance, and alkali resistance of samples 1#①, 2#③, and 3#② are shown in Table 10.



It can be seen from the above table that the bulk density gradually decreases with the increase in crystallization temperature. The bulk density of sample 1#① is the highest, at 2.99 g/cm3. The three samples had good acid and alkali resistance. The properties of bulk density and water absorption reached the physical and chemical index requirements of granite and marble.





4. Conclusions


	(1)

	
The prepared samples are cordierite-dominated glass-ceramics.




	(2)

	
In combination with the optimal level of each factor, it can be seen that the mass of the basic glass powder of factor 1 is optimal at the second level, namely, 6 g, the molding pressure of factor 2 is optimal at the second level, namely, 35 MPa, and the holding time of factor 3 is optimal at the second level, namely, 10 min. The optimal combination is “basic glass powder mass 6 g, molding pressure 35 MPa, holding time 10 min”.




	(3)

	
The prepared glass-ceramics have good acid and alkali resistance, the Vickers hardness is up to 866 HV, and the bulk density is up to 2.99 g/cm3, which is obtained at the crystallization temperature of 970 °C.







The cordierite glass-ceramics prepared from the multi-wastes are expected to be used in the production of electronic packaging materials. The dielectric constant and thermal expansion coefficient need to be more carefully considered. At the same time, because industrial solid waste contains more impurities, the impact of these substances on glass-ceramics is very critical, and further research is needed.
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Figure 1. Glass after water quenching. 






Figure 1. Glass after water quenching.
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Figure 2. Basic glass powder (a) and green body (b). 
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Figure 3. XRD patterns of samples of three schemes: (a) 1#① sample sintered at nucleation temperature of 839 °C for 2 h and at crystallization temperature of 970 °C for 2 h; (b) 2#③ sample sintered at nucleation temperature of 825 °C for 2 h and at crystallization temperature of 1100 °C for 2 h; and (c) 3#② sample sintered at nucleation temperature of 830 °C for 2 h and at crystallization temperature of 1050 °C for 2 h. 






Figure 3. XRD patterns of samples of three schemes: (a) 1#① sample sintered at nucleation temperature of 839 °C for 2 h and at crystallization temperature of 970 °C for 2 h; (b) 2#③ sample sintered at nucleation temperature of 825 °C for 2 h and at crystallization temperature of 1100 °C for 2 h; and (c) 3#② sample sintered at nucleation temperature of 830 °C for 2 h and at crystallization temperature of 1050 °C for 2 h.



[image: Separations 10 00498 g003a][image: Separations 10 00498 g003b]







[image: Separations 10 00498 g004] 





Figure 4. The mean value of each level of factor. 
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Figure 5. Morphologies of samples of three schemes: (a) 1#① sample sintered at nucleation temperature of 839 °C for 2 h and at crystallization temperature of 970 °C for 2 h; (b) 2#③ sample sintered at nucleation temperature of 825 °C for 2 h and at crystallization temperature of 1100 °C for 2 h; (c) 3#② sample sintered at nucleation temperature of 830 °C for 2 h and at crystallization temperature of 1050 °C for 2 h. 
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Table 1. Chemical composition of experimental raw materials used (wt%).
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	SiO2
	Fe2O3
	CaO
	MgO
	Al2O3
	K2O
	TiO2
	P2O5
	MnO
	Na2O
	Cr2O3
	ZrO2
	C
	Others





	Coal

gangue
	59.47
	1.47
	0.25
	0.95
	31.80
	4.87
	1.01
	-
	-
	-
	0.05
	0.02
	1.84
	0.11



	Iron

tailings
	66.65
	13.95
	6.09
	5.86
	5.49
	0.85
	0.32
	0.35
	0.15
	0.11
	0.06
	0.01
	-
	0.11



	High-carbon

ferrochrome slag
	37.55
	0.80
	1.37
	32.82
	23.53
	0.23
	0.33
	-
	0.12
	-
	3.17
	0.01
	0.34
	0.07










 





Table 2. Raw materials ratio for each experimental scheme (wt%).
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	HIGH-CARBON FERROCHROME SLAG
	IRON TAILINGS
	COAL GANGUE





	1#
	39.25
	35.00
	25.75



	2#
	45.25
	40.50
	14.25



	3#
	42.25
	37.75
	20.00










 





Table 3. Nucleation temperature and crystallization temperature of the three schemes.
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	NUCLEATION TEMPERATURE (°C)
	CRYSTALLIZATION TEMPERATURE (°C)





	1#
	839
	970



	2#
	825
	983



	3#
	830
	974










 





Table 4. Heat treatment regime.
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	Sample

Number
	Heating Rate

(°C/min)
	Nucleation

Temperature (°C)
	Nucleation

Time (h)
	Heating Rate

(°C/min)
	Crystallization

Temperature (°C)
	Crystallization

Time (h)





	1#①
	7
	839
	2
	5
	970
	2



	1#②
	7
	839
	2
	5
	1050
	2



	1#③
	7
	839
	2
	5
	1100
	2



	2#①
	7
	825
	2
	5
	983
	2



	2#②
	7
	825
	2
	5
	1050
	2



	2#③
	7
	825
	2
	5
	1100
	2



	3#①
	7
	830
	2
	5
	974
	2



	3#②
	7
	830
	2
	5
	1050
	2



	3#③
	7
	830
	2
	5
	1100
	2










 





Table 5. Process control parameters.
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	A
	B
	C





	Base glass powder mass (g)
	4
	6
	8



	Molding pressure (MPa)
	30
	35
	40



	Holding time (min)
	8
	10
	12










 





Table 9. Hardness test results.
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	Sample Number
	Vickers Hardness (HV)





	1#①
	866



	2#③
	604



	3#②
	728










 





Table 10. Other performance test results.
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	Sample Number
	Volume Density (g/cm3)
	Water Absorption Rate (%)
	Acid Resistance (%)
	Alkali Resistance (%)





	1#①
	2.99225
	0.12
	0.025
	0.034



	2#③
	2.45155
	0.13
	0.019
	-



	3#②
	2.43695
	-
	0.037
	0.028
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