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Abstract

:

The backfill mining method is a widely used mining method in the major mines of China, which can maximize the recovery of mineral resources and protect the environment. Currently, major mines in China are starting to build backfill systems to apply the backfill mining method, therefore, Part II reviews the progress China has made on creating backfill systems, of which the main contents include: (1) Composition of the backfill system common in Chinese mines; (2) Typical examples of the backfill system in China. Finally, Part II serves as a guide to begin a conversation, and to encourage experts and scholars to engage in the research of this field.






Keywords:


backfill mining method; backfill systems; typical application examples












1. Introduction


The backfill (filling) mining method is one of the earliest methods adopted by the metal and coal mines, as it can maximize the recovery of underground mineral resources, protect the surface environment, and the surface buildings [1].



In recent years, with the progress in backfill materials, backfill technology, and pipeline conveying technology and equipment, the cost of backfill has been consistently reduced, especially because of national attention to safety and environmental protection. Because of its advantages, the backfill mining method has been widely used in coal mines, iron mines, chemical areas, and others [1,2].



The key to the backfill mining method lies in the backfill technology and backfill systems. The backfill system constructed by the mine not only needs to simultaneously meet the needs of backfill mining, goaf treatment, tailings disposal, and recovery of high-grade residual ore, but it also needs to meet the high standard of “reliable operation, matching capacity, low operating cost and controllable investment” which is China’s requirement for mining production. Moreover, the backfill system construction should move through experimental research and theoretical analysis, scheme comparisons, backfill aggregate for the pipeline, and the backfill ratio of key technical parameters, such as determination of the cost of the backfill process scheme, selection of an appropriate backfill site and its preparation, assurance of the reliability of the backfill system and the control of the backfill cost, in order to reduce investment costs and operating costs [3,4].



Part I of this series interpreted the theory and equipment of filling slurry pipeline transportation and introduced the experience Chinese researchers have accumulated in the exploration of backfill mining, therefore, Part II details for the readers China’s mining industry, with attention to two aspects:




	(1)

	
The common composition of backfill systems in Chinese mines; and




	(2)

	
Typical examples of backfill systems in China.










2. Common Composition of Backfill Systems in Chinese Mines


2.1. General Introduction


At present, the newly built and in-use backfill system in China is generally composed of three relatively independent parts: material preparation and storage system, backfill slurry preparation system, and pipeline conveying system [5].



2.1.1. Material Preparation and Storage System


According to the different sources and properties of the backfill aggregate, the preparation and storage systems of the materials in the early stages are also different.



Grading tailings backfill (filling) generally means that coarse-grained particles in the entire tailings are used as backfill aggregate to fill the goaf, and fine-grained particles are discharged to the tailings reservoir. The main technological process of material preparation and storage system in the early stage is as follows: the cyclone group is used to swirl and classify the whole tail mortar body produced by the dressing plant, the fine particle size overflow is directly discharged to the tailings reservoir, and the coarse particle size bottom flow is further dehydrated to the filter cake state by a ceramic filter and then discharged into the storage yard. In recent years, a new type of graded tailings backfill system has emerged, which uses the fine particle size as backfill aggregate to fill the goaf and coarse particle size as a construction aggregate for secondary use. The main process of material preparation and the storage system in the early stage is as follows: a high frequency vibration dehydration screen is used to classify the whole tail mortar body produced by the dressing plant. The moisture content of the coarse particle size on the screen is generally lower than 18%, which can be directly reused as building materials. Under the sieve, fine particle size tail mortar is added to the thickener to further concentrate the paste/paste state [6].



The material preparation and storage system of the whole tailings backfill system is relatively simple. Usually, the whole tailings mortar body produced by the concentrator is directly transported to the vertical sand bin or deep cone thickener, and the clear overflow water and high concentration of bottom flow can be obtained by adding flocculent. Therefore, tailings flocculation, settlement, and concentration are the foremost technological links of the material preparation and storage system of the full tailings backfill system. The core equipment is a vertical sand silo or deep cone thickener, and the obtained high concentration bottom flow is directly stored temporarily in the vertical sand silo or deep cone thickener [7].




2.1.2. Backfill Slurry Preparation System


The backfill slurry preparation system refers to the preparation of qualified backfill slurry by accurate measurement, stable feeding, and uniform mixing of the backfill aggregate produced by the material preparation and storage system in the early stage and the cementing material and water in accordance with a certain proportion of mixing. Therefore, the main process of backfill slurry preparation system is: measurement, feeding, and mixing [8,9].



	(1)

	
Measurement Device







Coinciding with the different moisture content of the backfill aggregate produced by the material preparation and storage system in the early stage, the metering devices used are also different. The high concentration bottom flow produced by the vertical sand silo or deep cone thickener is primarily measured by a flowmeter and a concentration meter. Dry aggregate and tailings dehydrated to filter cake state are generally unloaded to the bin by a forklift, the vibrating ore drawing machine is set at the bottom of the bin to release the material evenly, and then the belt scale is used for measurement.



	(2)

	
Feeding Device







The high concentration bottom flow produced by the vertical sand silo or deep cone thickener is generally pumped to the mixing drum directly through pipe self-flow or the shear pump. Dry aggregate and tailings dehydrated to filter cake state are generally weighed by the belt and then loaded into the stirring drum. Cementing materials are generally stored in the finished cement warehouse, the screw conveyor has a frequency conversion speed regulation device, in order to adjust the amount of feed according to the need, and the screw weighing feeder feeds, by the metering on the mixing bucket. Backfill water is generally added to adjust the concentration when the concentration of backfill slurry is too high. Usually, clear water in the high tank or the overflow pool is used to control the feed amount by the flow meter.



	(3)

	
Stirring Device







The backfill aggregate and cementitious materials need to be fully stirred and mixed through the mixing system to form qualified backfill slurry, so slurry mixing is one of the key links in the backfill preparation system. Considering that in practical use, the solid particles and water in the backfill easily agglomerate, the core of the fragile agglomeration adheres to the periphery of a layer of cement slurry and is not easy to pound. The pipeline transportation performance and backfill effect of the backfill slurry are closely related to the mixing quality of the slurry, and it is necessary to ensure that all materials are fully mixed and evenly stirred in the mixing system. At present, the commonly used mixing devices for the preparation of mine backfill slurry mainly include a mixing barrel and horizontal double-shaft mixer [10].




2.1.3. Pipeline Delivery System


Modern backfill technology uses hydraulic transport instead of mechanical or pneumatic, the modern backfill technology uses water as the main transport carrier to transport the backfill aggregate and cementing materials to the goaf through pipes. Pipeline transportation of backfill slurry has many advantages such as good continuity, large conveying capacity, low energy consumption, and a high degree of automation. Most mines are connected with the main shaft and roadway through the construction of vertical backfill boreholes in the backfill station (deviation slope controlled within 5‰), and a small number of mines are directly connected with the main development shaft and roadway by laying backfill pipes on the surface [11]. According to the size of backfill line n, the pipeline conveying system can be divided into artesian conveying (n < 6) and pumping (n ≥ 6) types. Among them, self-flow transportation, namely the backfill slurry, can overcome the resistance loss along the pipeline under its own gravity and flow to the goaf; pumping backfill requires towing pump or backfill industrial pump to provide additional pressure to transport the backfill slurry to the goaf. Referring to the experience of backfill mines at home and abroad, taking into account capacity, transportation reliability and slurry outlet pressure, the economic velocity of pumping filled slurry is generally about 1.5–1.8 m/s, and that of self-flow transportation is generally about 2.8–3.5 m/s [12].





2.2. Graded Tailings Backfill System


Although the earliest water–sand backfill and waste rock backfill were simple, the backfill body strength was low and the backfill effect was poor. With the continuous progress of backfill technology, it has been gradually replaced by the more economical and efficient tailings cemented backfill technology. Since the 1980s, the process and technology of graded tailing backfill have been rapidly popularized and applied in more than 60 non-ferrous, coal, and gold mines, such as the An-qing Copper Mine, the Zhang-ma-tun Iron Mine, and the San-shan-dao gold mine. Grading tailings backfill generally means that coarse-grained particles in the whole tailings are used as backfill aggregate to fill the goaf, and fine-grained particles are discharged to the tailings reservoir [13,14].



2.2.1. Process Flow of Coarse Particle Size Grading Tailings Backfill System


As shown in Figure 1, the full-tail mortar body with a mass concentration of about 20% produced by the concentrator is pumped to the hydrocyclone group at the top of the backfill station through the slurry pump. Under the action of the centrifugal force of the hydrocyclone group, coarse particle size tailings and fine particle size tailings are centrifuged and classified successively by density difference. The fine particle composition (about 30–50%) and water overflow from the upper part of the cyclone and are discharged into the tailings dam through the slurry pump. Coarse particles (about 50–70%) are discharged as the bottom flow.



The mass concentration of the bottom flow can generally reach 40–50%, and the tailing cake with water content below 20% can be used for backfill after further dehydration by the ceramic filter. Coarse particle tailing cake is unloaded from the ceramic filter to the yard for temporary storage (the yard volume should meet the 2–3 days amount of backfill aggregate). During the backfill process, the coarse particle tailing cake is loaded into the unloading hopper by the forklift, and then released by the vibrating ore drawing machine at the bottom of the unloading hopper. After being measured by the belt scale, it is conveyed to the agitation vat by the belt conveyor. The cementing material is generally stored in the finished cement warehouse (the volume of the warehouse body should meet the amount of cementing material of 2–3 days), and the screw conveyor at the bottom of the warehouse (including the screw feeder and spiral electronic scale) measures the feeding to the agitation vat according to the backfill ratio requirements. The backfill water can be defiltered by the head tank or the ceramic filter, and the coarse particle size tailings, cementitious material, and water can be fully stirred in the agitation vat according to a certain backfill ratio, to prepare the qualified backfill slurry, and then transported to each middle section to be filled by backfill drill hole and underground pipeline [14,15].




2.2.2. Process Flow of Fine Particle Size Grading Tailings Backfill System


As shown in Figure 2, the full-tail mortar body with a mass concentration of about 20% generated by the concentrator is pumped to the vibration screen at the top of the backfill station through the slurry pump. Under the action of vibration screen, coarse and fine particle size tailings are classified by the difference in particle size. The moisture content of the coarse particle size on the screen is generally less than 20%, which can be slid into the backfilling yard for temporary storage and reused as construction aggregate or aerated concrete bricks [14,15,16].



The rest of the process is the same as in the Section 2.2.1.





2.3. Full Tailings Backfill System


As early as the 1990s, China carried out key experimental research on the cemented backfill technology of high concentration (weight concentration of 78%) in Jinchuan Company and Fankou Lead-zinc Mines, respectively. After 2000, full tailings backfill completely replaced graded tailings backfill and was widely used in mines. Depending on the key equipment of tailings concentration and dehydration (the vertical sand silo or deep cone thickener), the corresponding full tailings backfill system is slightly different [17].



2.3.1. Process Flow of Vertical Sand Silo Backfill System


Before 2010, the newly built full tailings backfill system mainly took the vertical sand bin as the core tailings concentration and storage equipment. In order to prevent the bottom of the sand silo from hardening and blocking the sand discharge mouth, the pulping method was usually used to ensure the sand discharge effect of the vertical sand silo and reduce the blockage of flow. At the same time, it was generally necessary to build two vertical sand silos, one for material storage and one for discharge to ensure the continuity of backfill. As shown in Figure 3, the full-tail mortar body with a mass concentration of about 20% generated by the concentrator is pumped to the vertical sand bin of the backfill station by the slurry pump. Under the action of the flocculent, the sedimentation rate of fine particle size in the full-tail sand is greatly accelerated, and the high-concentration bottom flow and clarified overflow water with a bottom flow concentration of 50–60% can be obtained.



The high concentration bottom flow of vertical sand silo is fully stirred with water and cementitious materials in the mixing bucket according to a certain backfill ratio, and the qualified backfill slurry is prepared and then transported to the area to be filled in each middle section by the backfill drill hole and the underground pipeline [18,19].




2.3.2. Process Flow of Deep-Cone Thickener Backfill System Process


In comparison with the vertical sand silo, the deep cone thickener has a larger processing capacity, higher efficiency, higher underflow concentration, and more stability. Accordingly, since 2010, the newly built full tailings backfill system of large and medium-sized mines in China mainly uses the deep cone thickener as the core tailings concentration and storage equipment. The deep cone thickener also needs to be equipped with a special flocculent preparation and addition system to speed up the sedimentation rate of fine particles in the total tailings to achieve the highest feasible bottom flow concentration and clear overflow. As shown in Figure 4, the slurry body with a mass concentration of about 20% produced in the concentrator is pumped to the deep-cone thickener in the backfill station by the slurry pump. Under the action of the flocculent, the sedimentation rate of fine particle size of the whole tailings is greatly accelerated, and the high concentration of bottom flow and clear overflow water with a bottom flow concentration of 60–70% can be obtained.



The high concentration bottom flow of the deep-cone thickener is fully stirred with water and cementitious materials in a mixing bucket according to a certain backfill ratio to prepare qualified backfill slurry, which is then transported to the area to be filled in each middle section by a backfill drill hole and underground pipeline [20,21].






3. Application Examples of Backfill Systems in China


3.1. Rod Grinding Paste Backfill System of Gansu Jinchuan Group Co., LTD, Jinchang, China


3.1.1. Mine Profile and Backfill System Equipment


The Jinchuan Nickel deposit is well known for its polymetallic symbiotic large copper nickel sulfide deposits, which are concentrated in the area of 6.5 km in length and 500 m in width under Longshou Mountain. The proven ore reserves are 520 million tons, the nickel metal reserves are 5.5 million tons, ranking third in the world, and the copper metal reserves are 3.43 million tons, ranking second in China. As a rare high grade and high value ore deposit at home and abroad, the mining technical conditions of the ore body in Jinchuan mine area are extremely complex and it is difficult to mine this ore body. At present, Jinchuan Company has become the leading super large modern green mine in China. Its unique downward hexagonal approach backfill method is equipped with mechanized mining equipment such as the drill trolley, scraper, and patio drill, with a production capacity of up to 4.5 million t/a [22].



Due to the large production capacity of Jinchuan Company, several mining areas under Jinchuan Company have built independent backfill systems, with a single system backfill capacity of 100–120 m3/h and an annual backfill total of 1.7 million m3. About 90% of the backfill slurry can be transported by gravity, and a small number of areas need pressure pumping backfill. The Jinchuan rod grinding backfill system is mainly composed of: backfill aggregate preparation, the feeding system, mixing system, and pipeline conveying system. The elements of the system are presented in Figure 5.




3.1.2. Backfill Ratio Parameters


Due to the restriction of the beneficiation process and the influence of market conditions, there are still many valuable elements in the total tailings produced by Jinchuan Company’s, beneficiation which cannot be recovered. Therefore, they decided to build a reservoir to discharge and store the tailings, and then comprehensively recover and utilize the tailings after the breakthrough of the beneficiation process. Considering that Jinchuan company’s annual backfill volume is as high as 1.7 million m3, it is in urgent need of backfill aggregate with a wide range of sources, low price, and nontoxic to meet the demand of underground backfill mining. Jinchang city, where Jinchuan company is located, is located in the middle of the Hexi Corridor of Gansu Province in northwest China, and the vast Alxa Desert is in the north. Due to the arid climate and barren land in the mining area, the Gobi aggregate on the surface is more than rich. Therefore, the Gobi aggregate around the mining area is collected, which is ground by the rod mill and processed into −3 mm fine sand as backfill aggregate (called rod grinding).



As China attaches great importance to waste recycling, the backfill aggregate of the mine has changed from the traditional Gobi sand to mining mountain sand, and the whole tailings waste gypsum body backfill system is being prepared. By crushing Gobi aggregate to less than 3 mm, controlling the ratio of cement to sand as 1:4, and the mass concentration of backfill slurry as 77–79%, the compressive strength of the artificial false roof backfill after laying steel mesh can reach 4–5 MPa in 28 d [23,24].





3.2. Phosphogypsum Paste Backfill System of Guizhou Kai-Lin Group Co., LTD, Guiyang, China. (Kaiyang Phosphorus Mine)


3.2.1. Mine Profile and Backfill System Equipment


The Kai-lin Mine (Kaiyang Phosphorus Mine) is located in Jinzhong Town, Kaiyang County, Guiyang city, a mining area of 50 km2, with proved phosphate resource reserves of 413 million tons, an average content of P2O5 33.73%, concentrated in 78% of the country’s high-quality phosphate ore. It is one of the world’s few, the only high-quality raw material without mineral processing, which can directly produce a high concentration of phosphate fertilizer. It is also an ideal wet fertilizer raw material and high quality raw material for producing pollution-free green phosphorus chemical products. The production capacity of phosphorus mining is 5 million t/a. The production technology and equipment have reached a first-class level in China and an advanced level in the world. It has developed into the largest underground chemical mine in China [25,26].



The main function of the backfill preparation station is to make qualified cemented backfill slurry made of yellow phosphorus slag, phosphogypsum, or cement with water, and transport it to the stope to be filled underground through drilling and pipelines. Therefore, the preparation station has facilities to store yellow phosphorus slag, cement, ultrafine powder, phosphogypsum and water, as well as measurement and transportation equipment, mixing equipment, etc., to ensure that the feed water is fed according to the correct ratio and concentration, as well as instruments to detect the slurry concentration and the flow rate.



Phosphogypsum of the mining industry is stacked in the surface yard, scooped and loading by a loader into a stable bin, fed to a self-made vertical breaking machine through a vibrating ore drawing machine and belt conveyor, and then transferred to a double-shaft mixer through the belt conveyor, with water added and mixed after being unloaded into a strong activation mixer. It is mixed with cement and yellow phosphorus slag to make qualified backfill slurry. After removing large impurities through the sieve funnel, the backfill slurry enters the backfill borehole and pipeline and is transported to the stope to be filled by self-flow. Elements of the system are presented in the Figure 6.




3.2.2. Backfill Ratio Parameters


Kai-lin Mine has reached a production capacity of 680,000 t/a phosphoric acid and 13,000 t/a yellow phosphorus, with annual discharge of 3.4 million t of phosphogypsum and 130,000 t of yellow phosphorus slag.



Through a large number of backfill ratio tests, the ratio of subsequent backfill or ordinary backfilling in phosphorus mining is yellow phosphorus slag: phosphogypsum (mass ratio) = 1:4, the addition of lime is 5% of the content of yellow phosphorus slag, and the mass concentration is 57%.



The compressive strength of the backfill ratio for 7 d, 28 d, and 60 d is 0.25 MPa, 0.87 MPa, and 0.85 MPa, respectively. The recommended ratio for pouring surface backfill is cement: yellow phosphorus slag: phosphogypsum (mass ratio) = 1:4:5, the addition of lime is 5% of yellow phosphorus slag, and the mass concentration is 60%. The compressive strength of this ratio is 0.38 MPa, 3.22 MPa, and 3.95 MPa for 7 d, 28 d, and 60 d, respectively.





3.3. Full Tailings Paste Backfill System in Hunan Baoshan Mining Co., LTD, Chenzhou, China


3.3.1. Mine Profile and Backfill System Equipment


The Hunan Baoshan Non-ferrous Metal Mining Co., Ltd. has a mining right of 5.21 km2, with a designed production scale of 495,000 t/a. It has rich resource reserves, high ore grade and considerable prospective resource reserves in the deep side [27].



Elements of the system are presented in Figure 7. An Ngt-16 deep cone thickener produced by Feiyi Co., LTD, Changsha, China was selected for the deep cone thickener. The diameter of the deep cone thickener is 16 m, the height of the side wall is 10 m (the upper part is 2 m for water overflow layer), the cone angle of the pool bottom is 30°, and the total volume of mud layer is 1918 m3.



The pipe connecting the bottom of the feeding port of the deep cone thickener and the mixing barrel is a seamless steel pipe of φ168 mm × 12 mm with an inner diameter of 144 mm and a steel pipe wall thickness of 12 mm.



They purchased a 300 t finished cement warehouse, and the bottom of the warehouse is connected with a set of biaxial weighing spiral feeders, a set of primary spiral feeders, and a set of secondary spiral weighingfeed to the mixing drum.



In addition, an single machine dust-collector was installed on the top of the cement bin, and gasification plates were installed around the bottom of the bin.




3.3.2. Backfill Ratio Parameters


The density of the whole tailings in Baoshan Mine is 2.83 g/cm3, and the proportion of particles below −0.075 mm is 69.1%. The median particle size is only 0.049 mm, and the average particle size is 0.076 mm. The mining methods in Baoshan Mine are the upward horizontal slicing and backfill mining method and the upward drift backfill method in mechanized panel. The backfill ratio test results are shown in Table 1. The optimal anionic A110 flocculent was determined by laboratory dynamic flocculation and sedimentation test. The dosage was 50 g/t, the dilution concentration of pulp was about 11%, and the feeding rate was 0.51 t/m2·h.




3.3.3. Backfill System Process


The design capacity of the backfill system is 80 m3/h, and the specific process flow is as follows: the full-tail mortar with a mass concentration of about 20% discharged from the concentrator is pumped to the deep cone thickener with a diameter of 16 m in the backfill preparation station through the slurry pump. When sand is supplied to the deep cone thickener, flocculent is added through the flocculent adding system to improve the sedimentation rate of the total tailings and reduce the solid content of the overflow water. Full settlement of backfilling enrichment backs out of the overflow of the artesian water to the deep cone thickener set of grit chamber, after settling the pit precipitation of fine mud overflow to the clear water reservoirs, used as a backfill production water, part of the excess from the mill plant by pipe to the tailings backfilling emissions, by tailings sewage treatment station after processing used for mineral water and waste water recycling. The cementing material (cement) required for backfill is transported to the backfill preparation station by the cement tanker, and pneumatically conveyed to the cement bin for storage. During backfill, the high-concentration slurry obtained by the deep cone thickener after dynamic settlement is released from the sand outlet at the bottom of the cone after metering control and conveyed to the mixing barrel by pipeline. Cementing materials move through the bottom of the cement warehouse screw conveyor (including the spiral feeder and the spiral electronic scale), according to the ratio of backfill strength requirements, into to the mixing drum metering feed. The backfill material is fully stirred in the mixing barrel to prepare the qualified paste of backfill slurry, which is pumped to the area to be filled in each middle section of the shaft through the 330 main adit and inclined shaft backfill pipe through the backfill industrial pump [28,29].






4. Discussion and Conclusions


With the gradual reduction in mine resources and the continuous improvement of ecological environment protection requirements, more and more attention will be paid to the improvement of ore recovery rate in the mining process. The popularization and application of the backfill mining method can effectively solve a series of technical problems caused by the continuous expansion of the mining scale and the mining depth of underground metal mines. With the development of backfill technology in China, the construction of the backfill system is gradually maturing in China.



In recent years, the rapid development of science and technology in China has promoted the development of the backfill mining method [30,31], the backfill mining method in China has gone through three stages: 1. The first stage (1960 to 1980): Water and sand backfill; 2. The second stage (1980 to 2000): Graded tailings backfill; 3. The third stage (2000 to present): Full tailings backfill.



Since the second stage, China’s backfill system has gradually emerged, especially since 2010. In 2013, to improve ground stability and reduce ore dilution, L. Li [32] redesigned the drainage function of the conventional backfilling system in the stope, and Yang K. et al. [33] completed the same research in 2018. In 2014, on the basis of reviewing the current clean coal mining technology, Chang Q. et al. [34] introduced the technical principle and process flow of coal paste backfill mining, discussed the composition and characteristics of backfill materials, and the composition of backfill system and backfill technology; at the same time, the concrete implementation of the technique and its application in China of a certain mine of paste backfill mining were analyzed, and the application practice showed that the paste backfilling mining rate could improve the safety of coal mining and excavation, such as by using coal gangue solid waste resources, effectively solved the problem of surface subsidence caused by underground mining activities. In 2015, Wu A. et al. [35] identified the cement backfill’s coagulation delay and poor strength performance as the two major challenges facing China’s backfill systems. They conducted many studies and experiments on this issue and presented their views on the development of China’s backfill systems; and recently, Zhang X. et al. [36] began to study the construction of deep mining backfill system and put forward the concept of phase change heat storage backfill.



With the development of science and technology [37,38], the filling system will undoubtedly mature further.



This paper was divided into two parts to introduce the research progress of the backfill system in China in recent years. In the first section, this paper introduced the composition the different backfill systems, namely, the grading tailings backfill system, the full tailings backfill system, and the high water fast setting material backfill system.



In the second section, this paper introduced the application of the backfill system of typical mines in China and conducted a case analysis and discussion. The general situation of each major mine, backfill ratio parameters, backfill system composition, the backfill process and main backfill equipment were introduced in this section.



As a guide for readers to understand the development of China’s mining industry, Part II systematically reviewed the backfill materials and backfill systems, and summarized and evaluated the application of backfill systems in various mines, which play a role in the future development of backfill mining. At the same time, we also call on relevant researchers to actively invest in the research of backfill mining, and promote the rapid development of the backfill mining method, which will undoubtedly bring good results beyond China.



Finally, we claim that the case report serves just as a guide to starting a conversation, and we hope many more experts and scholars will be interested and engage in the research of this field.
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Figure 1. (Source elaborated by authors) Process flow of coarse particle size grading tailings backfill system. 
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Figure 2. (Source elaborated by authors) Process flow of fine particle size grading tailings backfill system. 
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Figure 3. (Source elaborated by authors) Process flow of vertical sand silo backfill system. 
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Figure 4. (Source elaborated by authors) Process flow of deep-cone thickener backfill system process. 






Figure 4. (Source elaborated by authors) Process flow of deep-cone thickener backfill system process.



[image: Minerals 11 01362 g004]







[image: Minerals 11 01362 g005 550] 





Figure 5. (Source: Gansu Jinchuan Group Co., LTD, Jinchang, China) Rod grinding paste backfill system configuration diagram of Jinchuan group company: (a) tailings pond; (b) outdoor view of backfill station; (c) Gobi aggregate yard; (d) disk feeder feeding; (e) shaker; (f) control systems; (g) double spiral blades inside the stirring drum; (h) ceramic lined tubes; and (i) the backfill body in the approach. 
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Figure 6. (Source: Kai-lin Group Co., LTD, Guiyang, China) Configuration diagram of the Kai-lin Mine Backfill system in the mining industry: (a) panorama of backfill station; (b) phosphogypsum storage yard (outside); (c) phosphogypsum storage yard (inside); (d) phosphogypsum conveyor; (e) stable hopper; (f) cement silos; (g) belt conveyors; and (h) horizontal double-shaft mixer. 
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Figure 7. (Source: Hunan Baoshan Mining Co., LTD, Chenzhou, China) Configuration diagram of paste backfill system of Hunan Baoshan Mining Co., LTD: (a) panorama of backfill station; (b) deep cone thickener; (c) backfill industrial pump; (d) vertical stirring drum; (e) control systems; (f) cement silos; (g) man-material shaft; (h) stope chute; and (i) backfill body exposed in stope. 
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Table 1. Design of full tailings backfill ratio and performance parameters in Baoshan Mine.






Table 1. Design of full tailings backfill ratio and performance parameters in Baoshan Mine.





	Use of Backfill
	Cement-Sand Ratio
	Mass Concentration (%)
	28 d Intensity (MPa)
	Avoirdupois (t/m3)
	Bleeding Rate (%)
	Fall Degree (cm)





	Rubber surface backfill
	1:6
	72–74
	2.2–2.36
	1.84–1.93
	2.06–1.99
	24.0–18.5



	One step artificial pillar
	1:10
	72–74
	1.02–1.20
	1.81–1.90
	2.55–2.47
	26.7–20.1



	Two step (or subsequent)
	1:20
	72–74
	0.30–0.34
	1.70–1.72
	3.51–3.03
	27.5–20.5
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