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Abstract: Problems with breathing or acute lung pain caused by cement specks in the air are 

common, and the cement producing industry typically has a hard time keeping them under control. 

Emissions control strategies can focus on preventing dust from being released into the air or on removing 

dust that has already gotten airborne. Space optimization, duct run length, dust collection procedure, and 

filter and control equipment selection are some of the primary factors that shape the design and 
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fabrication of dust control systems. Both the dust itself and the filtration process must be carefully 

considered in order for the dust collection system to be well-designed. Among the many advantages of a 

well-planned dust collection system are a dust-free workplace, which helps lower health risks for 

employees, increased productivity from different kinds of cement thanks to recycling the dust-free 

material, and, most importantly, the possibility of energy and cost savings from the filter system. By 

creating a model of the dust filter system and learning about its components—the exhaust duct, dust 

collector (sometimes called a "filter box"), and air blower (also called a "fan")—this project teaches us 

how to optimise the performance and energy efficiency of commercial dust collection systems. The 

primary goal of this project is to provide a framework for the design and fabrication of a prototype.  

 

Keywords:  System for Filtering; Particulate Matter Affected; Cement Factor; Filtration 

Procedure; Systems By Fabricating A Prototype; Dust-Free Environment. 

_____________________________________________________________________________________ 

 

 

Introduction 

 

The process of making cement produces a great deal of dust, which is then collected and reused. 

The issue occurs due to the fact that the dust produced by cement mills is difficult to eliminate [7]. The 

techno-economic advantages of the energy-saving dry system make it the preferable mode of exploitation 

for pre-heaters and pre-calciners, outweighing the wet technique in terms of both cost and environmental 

impact. Since carbon dioxide, sulphur dioxide, nitric oxide gas, and other dust emissions are major 

environmental concerns, cement companies' air emissions are taken into account [8]. Unlike many other 

furnacing operations, the dust that is typically produced in cement factories is typically found in the air 

[9]. They won't hurt plants or animals much, but they're a real pain to deal with, and factories eventually 

figured out how important it is to keep the inside and outside of the building spotless. This industry makes 

a number of attempts to control this type of emission, including adjusting the dirt removal system, 

increasing energy potency, and modifying the item [10]. The coal mill, oven, and cement mill all release 

dust into the air, which the bag filters trap either internally or outside. In order to clean the filter, a reverse 

air mechanism or air pulse is used. When particle sizes are between 1 and 5 metric linear unit fluctuate, 

this filter type is typically cost-effective [11]. 

The goal of dust collection is to eliminate health and safety hazards caused by airborne particulate 

matter by removing solid particles from moving air streams [12]. In addition to protecting users from 

harm, a well-designed system has many other benefits, including as less maintenance and cleanup costs, 

less wear and tear on equipment, and ongoing compliance with all applicable health regulations [13]. 

Following the principles of ventilation, dust collection systems divert the air stream that is already filled 

with dust from the source and direct it, via ductwork, to the collector. The air quality requirements and 

current regulations determine the dust system to be used [14-19]. When it comes to long-term 

management, mud assortment systems are dependable and cost-effective. One of the best ways to reduce 
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dust emissions is using the dust collection system, which is also known as the native exhaust ventilation 

system [20-24]. The entire dust collection system is dependent on the dust collector's performance. First, a 

well-functioning dust collector can quickly remove airborne particles, clean itself, deposit solids into a 

hopper, and allow air to pass through its filter media at the correct pressure, all while keeping the system's 

conveyance velocities accurate and the fan running smoothly [25-31]. Dust collection and conveyance are 

rendered useless if the dust collector performs poorly, allowing particles to evade the filter, preventive 

and blocking measures, and well-reduced air flow. 

The process of making cement could produce a waste product known as cement kiln dust (CKD). 

Despite sharing some similarities with partially calcined raw feed in terms of composition, the physical 

and chemical properties of a variable material can be greatly affected by variations in fuel, method form, 

dirt sorting systems, and product standards, among other factors[32-39]. Therefore, the material's radical 

categorization remains unfinished, and CKD's industrial applicability in company and goods is limited. 

Cement manufacturers are mostly hesitant to use CKD due to its relatively high essential content. Making 

integrated forms of cement using CKD is one efficient use of the material. Nevertheless, research on the 

importance of CKD and the material itself in concrete has been patchy at best. Results from previous 

studies on integrated cement types that use CKD as a partial replacement for cement and pulverised 

coarse blast-furnace scum and ash have been inconsistent and unpredictable. The results could have been 

affected immediately by the chemical makeup of the CKD utilised [40-45]. 

Dust specks represent particles with sizes ranging from 1 to 400 μm, while particles larger than 100 

μm sink towards the formation's source. Massive particles, fines, and radical fines are the three terms used 

to describe particles in the size range of less than one micrometre, particles between twenty and one 

micrometre, and particles larger than twenty micrometres [46-51]. This graphic depicts the typical particle 

size distribution of crushed rock. It should be mentioned that smaller particles tend to remain in 

suspension more significantly, making it more difficult to separate them from the air stream. 

Baghouse dust filters are a type of air filter that uses cloth to remove dust and other pollutants. For 

the purpose of controlling pollution, baghouses are material filter systems that are utilised on an industrial 

scale. Because of their low price, high efficiency, and relative simplicity of operation, baghouses are 

among the most popular dust cleaning devices. Cement producers gain from baghouse systems because 

they collect, contain, and filter airborne dust and particle matter [52-57]. 

A baghouse is a vertically mounted sheet metal structure that uses cloth or pleated filters that are 

grouped in rows. They take up air pollution from fugitive or method sources, filter it, and then release 

clean air. A duct system typically carries the polluted air stream into the baghouse from an associate-

elicited air blower [58-61]. Particles remain on the surface of the filter medium while the air stream passes 

past them, effectively separating them from the air. A variety of cleaning technologies are routinely used 

to remove the dust from filters as it accumulates and forms a cake on the surface of the filters over time. 

The type of baghouse determines how it is cleaned. Shaker, pulse-jet, and reverse-air are the three main 

types of baghouse cleaning systems. We are utilising a reverse air mechanism throughout this project 

effort [62-71]. 
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Two varieties of reverse air baghouses are available. A spherical reverse air collector, in which dirt 

accumulates outside the bags or filters, could be the one flecked with cement process dust. A revolving 

arm processes the bags with reverse air from the instrumentation fan or medium-pressure blower in order 

to remove debris during cleanup. The atmospheric pressure generated by this type of reverse air baghouse 

is lower during cleanup compared to the compressed air pulses produced by a pulse jet [72-79]. A low-

pressure, high-volume online cleaning system is what it is described as. This kinder cleaning approach 

reduces bag wear and tear and compressed air value. The benefit of compressed gas comes at a cost, 

though, in the form of the horsepower needed to operate the reverse air blower and the need of repairs for 

its moving parts [80]. 

Oblong housing and several compartments are typical of an older form of baghouse, which is also 

called reverse air. Like a shaker, the bag traps dirt inside as air flows upwards. In order to make 

improvements to these types of reverse air baghouses, they are often divided into compartments and 

cleaned one area at a time. Typically, a system fan is used in the opposite direction of filtration to 

pressurise an entire compartment [81-85]. The filter bag significantly collapses once activated due to the 

pressure of the reverse flow of air. In order to prevent these types of reverse air bags from completely 

collapsing or "pancakeing" when being washed, they have stiff rings that are sewed into the fabric. The 

need for offline improvement necessitates an oversized reverse air baghouse to accommodate the portion 

that will be offline during cleaning. Consequently, this type is more expensive than a pulse jet [86-91]. 

 

Literature Review 

According to research by Purnomo et al. [1], air pollutants from the cement industry pose serious 

threats to the environment, including dust, sulphur dioxide, nitric oxide, and carbon dioxide. In order to 

decrease dust emissions, the cement industry uses two main gas cleaning systems: electrostatic 

precipitator (EP) and bag filter (BF).  The electric power required of an EP system is high. Particulate 

characteristics, including size and resistivity, as well as operating circumstances, including gas 

temperature, flow velocity, and dust content, significantly impact the operation's performance. Gas 

temperature and chemical composition both influence particle resistance. Dust will be more difficult to 

separate by negatively charged electrodes at higher working temperatures because resistance increases 

with temperature. Cement facilities are well-known for using the BF system because of the strict rules and 

environmental norms that apply to them. To ensure this system's great efficiency, a specific fabric is used 

for separation reasons. 

According to Abdul Jabbar et al. [2], a study conducted by researchers from Peking University 

(China) and the University of Connecticut (USA) has shown that air pollution-related health problems 

may be the cause of one out of fifteen miscarriages in South Asia. An examination of more than 34,000 

women's medical records pertaining to miscarriages in Bangladesh, India, and Pakistan formed the basis 

of the report. Researchers mainly looked at the atmospheric concentration of PM2.5, or particulate matter 

smaller than 2.5 microns, to gauge the level of air pollution. Airborne solid particles, even at small sizes, 

pose a serious threat to the cardiovascular system and the respiratory system if they penetrate deeply 
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enough. PM2.5 levels skyrocketed, surpassing the permissible limit by more than five times, at 500 

micrograms per cubic metre. In addition, unregulated sectors, like cement mills and coal-fired power 

stations, release thousands of tonnes of particulate matter and other harmful pollutants into the air every 

day. 

For ultra-low emission, Liu et al. [3] analyse baghouse filter performance in relation to filter pore 

size and fibre diameter. This study examined the static and dynamic filtration performance of four 

different types of polyester filters: three types of conventional filters (depth filtration media), and two 

types of polyester filters coated with polytetrafluoroethylene membranes. The filters tested had different 

filter pore sizes and fibre diameters. Filtration accuracy (for small particles, such PM2.5) of the fabric 

structure is enhanced with decreasing pore size of all five filter media. On the other hand, the surface 

filtration media's dynamic filtration resistance and efficiency were affected by the filter pore size, which 

in turn affected the dust-blocking rate in the membrane microspores. 

(Park et al., [4]) Bag houses are commonly used in many sectors to control particle matter and 

recover precious materials. The bag house system would not be complete without a bag filter. For this 

reason, perfecting high-quality filter media and pinpointing the ideal settings for a bag house system are 

of the utmost importance. Particle penetrations in a bag house system were the subject of this 

investigation. It looked at how pressure drops across the filter media relate to dust blockage and dust 

penetration. At the initial stage of filtration, the results demonstrated a collection efficiency of at least 

80% for particles with a size of 0.45 μm. Despite this, it bounced back fast and maintained a pressure drop 

of nearly 20 mmH2O using a recently created porous filter (air permeability = 5.78 × 10−11 m2). Particle 

size also has a significant impact on the recovery time. At the beginning of the filtration process, it was 

inversely proportional to the particle size. However, when the filter was cleaned, it became uniform and 

did not exhibit any change for particles larger than 0.725 μm. 

A growing number of nanoparticles, as a result of advances in nanotechnology, have the ability to 

harm both humans and the environment, according to Liu et al. [5]. One way to keep nanoparticles under 

control is with a membrane filter. This research looked into three filters that have a 

polytetrafluoroethylene (PTFE) membrane covering. For particle sizes ranging from 10 to 300 nm, the 

efficiency drops as the face velocity rises. To show how the filtration efficiency changes with particle size 

and face velocity, we offer the data in a unique three-dimensional graph. Two layers—a fibrous one and a 

membrane one—come together to form the membrane-coated filter. We combine the two layer models to 

create a new model for filtration efficiency. There is good agreement between the experimental data and 

the model calculation results. Contributing to the decrease of air pollution caused by quickly developing 

nanoparticles, the study can aid in optimising the filter product and determining the operational 

parameters of filters. This paper addresses the gaps in research on dust control and reduction technology 

in fully mechanised mining faces. Using data from the 20106 fully mechanised mining face in 

Wangjialing Coal Mine, it investigates the theory of long-pressure ventilation and dust control as well as 

the matching process of short-pumping and dust removal technical parameters. The results offer 

theoretical guidance for selecting dust control and removal technology technical parameters in the long-

pressure short-pumping system in fully mechanised mining faces. By improving the system's efficiency 
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and effectiveness, reducing dust hazards in the fully mechanised mining face, protecting operator health, 

and eliminating dust explosions, this paper aims to address these shortcomings. 

The purpose of the study by Tanabe et al. [6] was to determine the experimental adhesive force of 

filter cakes in fabric filters and to examine particle deposition in three different kinds of synthetic fabric 

filters using scanning electron microscopy (SEM). Polyester, polypropylene, and acrylic were the 

materials utilised. This material was phosphate rock in particle form. During ten cycles, the particles were 

deposited into the filters at a superficial filtration velocity of 0.10 m/s and a maximum pressure drop 

across the filter of 980 Pa. Vacuum cleaning with reverse airflow at a speed of 0.12 m/s was employed. 

Particle deposition depth was found to be lower in the polypropylene filter compared to the polyester and 

acrylic filters, according to the results. Despite this, the polypropylene had the greatest residual pressure 

drop at the start of the filtration tests because of its properties and the fact that particles accumulated more 

significantly on its surface. It was also noted that the polypropylene filter had a larger adhesion force 

compared to the other filters, which made it more difficult to remove the filter cake from that particular 

filter. 

 

Problem Definition 

The recently developed filtration system known as the Electronic Precipitator is typically used by 

the tiny cement manufacturers (EP).  Since EP technology requires less pressure drop and is easy to 

operate and maintain, it has seen extensive application. This dust-cleaning device was standard equipment 

in most early cement factories due to its established technology [92-97]. Because the anode and cathode 

must be charged in an EP system, a large amount of electric power is required. Gas temperature, air flow 

rate, dust concentration, particle size, and dust resistivity are some of the operational parameters that have 

a significant impact on performance. At the same time, hazardous chemicals and gas temperature 

influence particle resistance. Dust will be more difficult to separate by negatively charged electrodes at 

higher working temperatures because resistance increases with temperature [98-101]. 

Here we have an issue because EP uses a lot of power but doesn't deliver good results. Therefore, 

the most tried-and-true approach to this issue is the Bag Filtering System (BS).  Nowadays, cement 

companies are known for using the BF system because of the strict laws and environmental norms. Using 

a one-of-a-kind fabric cloth material for specific separation functions allows this system to attain its high 

efficiency [102-107]. Therefore, the time-honored technique known as the bag filtering system is the way 

to go for this issue's resolution (BS).  The BF system is rising to prominence for cement plants as a result 

of strict environmental norms and regulations. To ensure this system's great efficiency, a specific fabric is 

used for separation reasons. We collaborated to plan, design, and manufacture a model of a bag filter 

house as the Mini Cement plants are investing heavily in EP. More than 90% efficiency, air filtration, and 

clean air output are all features of our prototype. 
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Objective 

The overarching goal of this project is to improve upon the existing dust-catching systems in 

cement factories by creating a system that can capture more dust particles than typical dust cleaning 

systems. 

 

Working Principle 

One of the most important steps in making cement is releasing dust into the air. Due to a lack of 

funding, mini-cement firms will be unable to purchase or equip themselves with technologically 

sophisticated machinery. Consequently, we intended to create a model of the apparatus that would not 

contain compressed air but would instead have pressure gauges, valves, and pumps linked to it. Our 

filtration system, as depicted in the design, includes inlet/outlet pipes, polypropylene bag filters rated at 5-

micron and 1-micron, as well as gaskets made of rubber, cork, and fridge gas, as well as silicone sealants 

(to arrest the air leakage).  Cement and other dust particles will be drawn into the machinery via the inlet 

pipe by means of an air blower (which acts as the inlet dust feeding duct system).  Once it was in, we split 

the machine in half to improve the air-to-cloth ratio, which we used to determine the machine's efficacy in 

filtering cement dust specks. 

First, the cement dust specks hit the first two 5-micron filters as soon as they reach the first 

chamber; after that, the oversized dust particles fall on the slider plate. With the airflow complete, the dust 

will exit the first half via the two attached filters and enter the second half via a pipe that connects the two 

chambers. Dust particles made of cement will press down on two 1-micron filters in the second chamber. 

At last, the exit pipe starts releasing pure air. 

 

Result and Discussion 

In addition, the bag filtration system does not incorporate three additional processes that we have 

incorporated. Here they are: -1) Mechanism with a sliding plate Method No. 2 for Cleaning the System 3. 

Indicator for the air filter 

The main functions of the slider plate mechanism are to keep the airflow inside the system and to 

assist in cleaning the dust particles that have become trapped in the hopper walls. 

A system cleaning mechanism is designed and introduced to ensure that dust and other particulate 

matter that has been attracted to the filter system's walls and the hopper is blown out of the hopper and 

collected in a collecting bin. This is achieved by inserting the air blower into its separate mouth and 

directing the air through a pipe system that connects the two chambers. 

One easy-to-use tool for keeping tabs on the air induction system's filter restriction is the air filter 

service indicator. It tells you to change the filters if the dust particles have hardened or stayed in the bag 

filters. Even though you should double-check it carefully, the filter service indicator will let you know 
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when it's time to replace the filter. Using Solidworks, we created our filter system. It is from the 3D 

model that the 2D drawing is based.  (Figures 1 to 3). 

 

 

Figure 1: Isometric View 

 

 

 

Figure 2: Top View 

 

 

Figure 3:  Left Side View and Right-Side View 
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We learn a lot about how to keep people safe from dust in this project. Particles in the air can hurt 

people badly. Compared to the cleaning systems typically used in cement mills, this solution can reduce 

dust emissions by around 96%. This project provides a detailed picture of the inner workings of a dust 

prevention system and how it collects and prevents dust; this system will be future technology that helps 

minimise factors like time, money, electricity, noise, etc. Most effective is the conversational approach, 

which uses the bag filter system. Creating a working model of the filter system was our way of proving it. 

 

Conclusion 

Air pollution control and collection systems rely on the principles of fluid flow in their design. The 

most efficient filtering system is the one that uses conventional methods. The Bag House Filtration 

system has proven time and time again that it is more efficient than 95% (leaks included), in contrast to 

the inefficient and costly updated Electric Precipitator system. Furthermore, the filter materials are crucial 

in removing dust particles, and the filters that we have fitted are of excellent quality. Filters like these can 

easily last longer than the norm. The mini-cement factories will benefit in the long run from our model's 

ability to reduce dust and cement speck emissions when applied on a big scale. It is possible to expand 

this created prototype into a filter system for large-scale applications. Air pollution sensor, which can 

identify dust particles as small as 2.5 microns and as large as 10 microns, can still be a part of this. The 

number of dust particles that bypass the filtration system can be determined with the help of this sensor. If 

we want to build a filter system for cement companies, we have to install a pressure regulator. We can 

also upgrade the intake and exit ducting to keep the compressed air at a constant temperature and flow 

rate. 
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