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Abstract 

Through the analysis of the dust transport and the dust particle size distribution during 
the unloading process at the Xiadian Gold Mine unloading station, the high-pressure 
spray dust-removal measures suitable for the impact of the dust from the unloading 
station were put forward. After adopting the high-pressure spray integrated dust-
reduction system to control dust, suppress dust, and reduce dust, the average dust-
reducing efficiency of the total dust is about 85%, which is a good solution to the problem 
of dust pollution at the unloading station. At the same time, automation of the dust-
reduction system is realized and other unloading is implemented. Station dust provides 
a reference. 
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1. Introduction 

The Xiadian Gold Mine of Zhaojin Mining Co., Ltd. has a designed annual production capacity of 

about 1.6 million tons. The mine has a large production load, especially during the mining and 

unloading process. As a result, the amount of unloading increases, and the concentration of dust 

generated during unloading also increases sharply. The dust pollution is serious, which is extremely 

harmful to the health of underground operators [1-2]. In order to solve the problem of dust pollution 

in the unloading station, a large number of studies have been carried out on the law of dust diffusion 

and the physical and chemical properties of the dust, and combined with the actual production, a set 

of automatic control high-pressure spray dust reduction measures has been formed, and a good dust 

reduction effect has been achieved [3-5]. This paper analyzes and studies the dust-producing 

characteristics of the unloading station of Xiadian Gold Mine, and combines the existing dust 

reduction effects, and proposes dust control measures suitable for high-load unloading stations, which 

provides a reference for the dust control of metal mine unloading stations. 

 

 

Figure 1. The ore unloading station 
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2. Overview of Unloading Station 

The unloading pit of Xiadian Gold Mine’s ore unloading station has a length of 10m and a width of 

2.5m. The bottom-side unloading method is adopted for unloading. The dust concentration on the ore 

unloading station is tested. In the middle of the unloading station, the total dust and The concentration 

of respirable dust reaches 188.5mg/m3 and 56mg/m3, respectively. The dust concentration is 

relatively large, and the generated dust is easily diffused into the tunnel and caused pollution due to 

the impact of the impact air flow during unloading. Through the wettability test of the ore rock, the 

ore rock has strong wettability and belongs to the hydrophilic rock dust. The ore unloading station is 

shown in Figure 1. 

3. Overview of Unloading Station 

3.1 Dust generation characteristics 

During the process of unloading from the mine cart to the ore unloading station, the bottom of the 

mine cart is opened, and the ore is dumped from the mine cart, making a free fall motion under the 

action of its own gravity, and finally falling into the unloading station. During the falling process, the 

ore is subjected to the shearing effect and dusting effect due to the face resistance of the air, and the 

original air is discharged into the unloading station to cause the dusting effect of the loaded ore. 

During the unloading process, the ore impacts each other and the air flow generated The impact will 

raise the mineral particles with smaller particle size and smaller mass. At the same time, the 

sedimentary dust on the wall of the unloading station will cause secondary flying due to the operation 

of the mine cart and unloading, resulting in the generation of dust [6-8]. 

During the falling process of the ore material, the loading capacity of the ore truck is the compressed 

air flow rate Q1. After the material is blanked, the compressed air escapes from the left and right sides 

of the blanking material, and the escape air flow rates are Q2 and Q3 respectively, as shown in Figure 

2. Shown. Therefore, the dust air volume Q is: 

Q≈Q2+Q3≈Q1≈Ore loading capacity of mine carts 

Due to the interval between the unloading of each mine car, the wind speed of the dust generated by 

the impact is unbalanced. At the moment of material discharge, the wind speed of the impact dust is 

high, and the dust escape speed is fast. Gradually decreases. 

 

 

Figure 2. Schematic diagram of unloading station blanking dust air volume 

 

Through field tests, when the ore unloading station unloads the ore, the dust concentration generated 

is π-shaped, that is, the middle is large and the two sides are small. In the middle of the unloading 

station, the dust concentration value reaches the maximum. There is a certain amount of 

sedimentation. Due to the effect of wind current, the dust concentration in the upwind direction is 

small, and the dust concentration in the downwind direction is slightly larger. The dust distribution 
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curve is shown in Figure 3. In the middle of the unloading station, the concentration of total dust and 

respirable dust reached 188.5mg/m3 and 60mg/m3, respectively, and respirable dust accounted for 

31%. Due to the impact of the airflow during unloading, the dust with a smaller particle size is easy 

to diffuse into the tunnel, which is not conducive to the settlement of the dust and endangers the health 

of the operators. 

 

Figure 3. The distribution map of dust concentration in ore unloading station 

 

3.2 Dust particle size distribution in dust airflow 

The MD-1 dust particle size analyzer is used to measure the dust cumulative mass distribution on the 

ore unloading station dust filter membrane, so as to truly reflect the dust particle size distribution in 

the dust airflow. The test results are shown in Table 1. 

 

Table 1. Dust particle size distribution table of unloading station 

Particle size/μm >80 >60 >50 >40 >30 >20 >10 >8 >7 >6 >5 

Average dispersion/% 0.4 0.4 4.2 8.2 25.1 36.8 62.3 71.1 73.2 76.2 81.8 

 

According to the test data, the cumulative distribution curve of dust generation frequency and the 

fitting diagram of Rosen distribution of dust generation are drawn as shown in Figures 4 and 5. 

According to the curve, it can be concluded that the average diameter of dust in the unloading station 

is 48.7μm, and respirable dust accounts for 26.6% of the total dust, which accounts for a large 

proportion. Therefore, targeted respirable dust control measures need to be taken. 

 

   

Figure 4. Frequency cumulative distribution curv       Figure 5. Rosen Distribution Fitting Plot 
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4. Dust control measures 

4.1 Governance measures 

Due to the large dust production range of the unloading station, airtight dust extraction is more 

difficult, and through the dust concentration test, the proportion of respirable dust is relatively high. 

Therefore, the design adopts a long spray range, strong wind resistance, good atomization effect, and 

water consumption. High-pressure spray dust reduction measures with low characteristics are used to 

control, and high-pressure spray has a higher dust reduction efficiency for respirable dust, which is 

suitable for dust control in unloading stations [9-10]. The high-pressure spray dust reduction system 

is mainly composed of a high-pressure spray pump, a water tank, a filter, a high-pressure nozzle and 

its pipeline, etc. The system is shown in Figure 6 [13]. Since the unloading method of the mine cart 

at the unloading station is bottom-side unloading, the nozzle is arranged on the spray rack on the 

opposite side of the open side plate of the unloading pit, and the high-pressure pump is used to provide 

a high-pressure spray water source of 8MPa-10MPa. An atomization barrier is formed at the mouth 

of the unloading pit to control the dust in the pit and not spread out, so as to realize the effective 

control of the dust produced by the unloading. 

 

 

Figure 6. Diagram of Spray Dust Suppression System of Ore Unloading Station 

 

The spray rack is fixed to the mounting base by bolts, and the mounting base is fixed with the channel 

steel of the unloading pit wall by bolts. The spray rack is located between the mounting cover and the 

mounting base. The spray rack can be rotated at an angle to ensure that the spray direction can be 

achieved after installation on site. Control the generation of dust at the dust source. 

 

Figure 7. High-pressure spray automatic control system diagram 



International Core Journal of Engineering Volume 7 Issue 10, 2021 

ISSN: 2414-1895 DOI: 10.6919/ICJE.202110_7(10).0019 

 

115 

4.2 Automation Control Research 

Since there are no operators in the normal production process of the unloading station, the start and 

stop design of the high-pressure spray adopts automatic control. By installing an opposite-beam 

infrared sensor on the loading side of the unloading station, an infrared beam is formed between the 

light emitter and the light receiver. When the infrared beam is blocked by the passing mine cart, the 

infrared sensor will output an alarm signal to the main control box, So as to control the vacuum 

electromagnetic starter to open, the high-pressure spray pump station to start, the spray system starts 

to run, the action duration is adjustable from 0 to 15 minutes, and the automatic control of opening 

and closing of the spray system is realized. At the same time, the spray pump can also be started by 

manually starting the vacuum electromagnetic starter to realize the manual start of the system. The 

system composition is shown in Figure 7. 

4.3 Dust suppression effect investigation 

After adopting high-pressure spray dust reduction measures at the ore unloading station of Xiadian 

Gold Mine, a good dust reduction effect was achieved, which effectively solved the problem of dust 

pollution generated during the unloading of mine trucks, and the operating environment of the 

unloading station was effectively improved. The filter membrane weighing method was used to test 

the dust concentration and dust reduction efficiency at the entrance, middle and exit of the unloading 

station, as shown in Table 2. 

 

Table 2. Dust concentration test results of unloading station 

Sampling 
location 

Type of dust 
Original dust 

concentration (mg/m3) 
Dust concentration after high-pressure 

spray dust reduction (mg/m3) 
Dust reduction 

efficiency 

Entrance 
Total dust 72 12 83.3% 

Breathe dust 20.5 8 61% 

Central 
Total dust 188.5 19.7 89.5% 

Breathe dust 60 8 86.7% 

Exit 
Total dust 100.6 15 85.1% 

Breathe dust 49.5 8 83.8% 

 

According to the test results, after adopting high-pressure spray dust reduction measures, the dust 

reduction efficiency of the dust concentration in the middle of the unloading station and the exit 

position has reached about 85%, which is 50% higher than the ordinary spray dust reduction 

efficiency. The effect of air flow diffusion, the use of high-pressure spray for dust control, dust 

suppression, and dust reduction can achieve a very good dust reduction effect. 

5. Conclusion 

This research mainly analyzes the dust movement law and dust particle size distribution 

characteristics formed during the unloading process of the unloading station, and proposes high-

pressure spray dust reduction measures suitable for the impact of the unloading station's dust airflow. 

Practice shows that high pressure is adopted. After the spray integrated dust suppression system 

performs dust control, dust suppression and dust suppression, the average dust reduction efficiency 

of the total dust is about 85%, which can better solve the problem of dust pollution in the unloading 

station. At the same time, it realizes the automation of the dust suppression system, which can be used 

for other unloading stations. Provide reference for dust prevention. 
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