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Abstract: This study investigates the problem of particulate matter emissions in
the cement industry and its mitigation through bag filter technology. The
hydrodynamic resistance coefficient of a novel filter fabric composed of fiberglass and
Teflon was experimentally determined. Experiments were conducted under various
operating conditions to optimize filtration parameters and enhance dust removal
efficiency. Results demonstrate that the Teflon-coated fiberglass filter achieves 15-
20% higher cleaning efficiency compared to conventional filters, with optimal
performance observed at a filter thickness of 3 mm and gas velocity of 20-25 m/s.
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INTRODUCTION

Background and Problem Statement

The cement manufacturing industry is a significant contributor to atmospheric
particulate matter emissions, releasing high concentrations of dust particles during
various production stages. These emissions pose substantial environmental challenges,
including air quality degradation, adverse health effects on surrounding communities,
and ecosystem disturbance. The environmental impact of cement production has
become increasingly critical as global cement demand continues to rise, necessitating
the development of more effective dust control technologies.

Current State of Dust Control Technologies

Contemporary industrial facilities employ various dust control methodologies,
including electrostatic precipitators, cyclone separators, wet scrubbers, and bag filter
systems. Among these technologies, bag filter equipment has emerged as the most
efficient solution due to its high collection efficiency, reliability, and adaptability to
diverse operating conditions. However, continuous improvement in filter materials and
operational parameters remains essential to meet increasingly stringent environmental
regulations.
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Research Rationale

The development of advanced composite filter materials, particularly those
incorporating high-performance polymers such as Teflon (polytetrafluoroethylene,
PTFE) with fiberglass substrates, presents promising opportunities for enhanced dust
removal efficiency in cement plants. Despite the potential advantages of these
materials, comprehensive hydrodynamic characterization and operational optimization
remain limited in the existing literature.

RESEARCH OBJECTIVES

The primary objectives of this study are:

1.  To determine the hydrodynamic resistance coefficient of filter fabric
manufactured from fiberglass and Teflon composite materials;

2.  To establish optimal operational parameters for efficient removal of
particulate matter generated during cement production processes;

3.  To evaluate the filtration performance of the novel filter material under
various operating conditions;

4.  To provide practical recommendations for industrial implementation of
the developed filtration system.

MATERIALS AND METHODS

Experimental Design

A systematic experimental investigation was conducted using the Design of
Experiments (DOE) methodology to evaluate the performance characteristics of the
composite filter material. The study employed a multi-factorial design to assess the
influence of key operational parameters on filtration efficiency and hydrodynamic
resistance.

Variable Parameters

Independent Variables

The following parameters were systematically varied during the experimental
program:

Gas volumetric flow rate (Qgas): Four levels ranging from 140 to 990 m3/h with
increments of 285 m3/h (140, 425, 710, 990 m?/h)

Gas velocity (vgas): Five levels ranging from 15 to 35 m/s with increments of 5
m/s (15, 20, 25, 30, 35 m/s)

Filter thickness (6): Three levels comprising 2, 3, and 4 mm

Filter cage diameter (dri): Three levels comprising 130, 140, and 150 mm

Constant Parameters

To ensure experimental reproducibility and isolate the effects of independent
variables, the following parameters were maintained constant:

. Gas density (pgas): 1.29 kg/m? (standard air at atmospheric conditions)

. Operating temperature: 20 £+ 2°C (controlled laboratory environment)

. Atmospheric pressure: 101.3 kPa (standard atmospheric conditions)

. Relative humidity: 55-65% (typical industrial conditions)

Filter Material Specifications

The experimental investigation utilized a specially developed composite filter
fabric incorporating fiberglass as the structural matrix and Teflon (PTFE) as the
functional coating. This material combination was selected based on preliminary
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assessments indicating superior thermal resistance, chemical stability, and mechanical
strength. The filter material exhibited the following technical specifications:

. Grammage: 500-600 g/m?

. Porosity coefficient: 75-80%

. Average fiber diameter: 8-12 um

. Thermal resistance: Continuous operation up to 260°C, intermittent
operation up to 300°C

. Chemical resistance: Excellent resistance to acids, alkalis, and organic
solvents

Experimental Apparatus

A specialized laboratory-scale filtration test rig was designed and constructed to
simulate actual operating conditions in cement production facilities. The experimental
setup comprised the following components:

1. Gas delivery system: Variable-speed centrifugal blower with flow
control capability

2. Filter chamber: Transparent acrylic housing enabling visual observation
of filtration processes

3. Instrumentation suite: Digital differential pressure transducers,
rotameters for flow measurement, temperature sensors, and data acquisition system

4.  Support systems: Piping network, valves, and safety interlocks

Experimental Procedure

Each experimental trial followed a standardized protocol to ensure data
consistency:

1. Installation and secure mounting of the filter element in the test chamber

2.  System initialization and stabilization period (15-20 minutes)

3. Measurement of key parameters: pressure drop across the filter (AP),
volumetric flow rate (Q), gas velocity (v), and temperature (T)

4. Data recording at steady-state conditions

5. Triple repetition of each experimental condition

Data Analysis

The hydrodynamic resistance coefficient (&) was calculated using the following
relationship:

&= (2:AP) / (pgas*0*gas)

where:

. & = hydrodynamic resistance coefficient (dimensionless)

. AP = pressure drop across the filter (Pa)

. Pgas = gas density (kg/m?)

. Vgas = gas velocity (m/s)

Experimental data were subjected to statistical analysis, including calculation of
mean values, standard deviations, and development of empirical regression models
correlating operational parameters with filtration performance metrics.

RESULTS AND DISCUSSION

Filter Material Performance Evaluation

The experimental investigation confirmed that the fiberglass-Teflon composite
material demonstrates exceptional suitability for cement industry dust collection
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applications. The material exhibited high thermal resistance, maintaining structural
integrity and filtration efficiency at elevated temperatures typical of cement production
processes. Additionally, the Teflon coating provided superior chemical stability,
resisting degradation from exposure to alkaline cement dust and acidic combustion
gases.

Hydrodynamic Resistance Characteristics

Analysis of experimental data revealed a direct relationship between
hydrodynamic resistance coefficient and both filter thickness and gas velocity. As filter
thickness increased from 2 mm to 4 mm, the resistance coefficient exhibited a
corresponding increase, attributable to extended flow path length and increased
interaction between gas molecules and fiber surfaces. Similarly, elevation of gas
velocity from 15 m/s to 35 m/s resulted in higher resistance coefficients due to
intensified inertial effects and increased pressure drop.

Optimal operating conditions were identified at filter thickness 6 f =3 mm
and gas velocity vgs = 20-25 m/s. These parameters represent a favorable balance
between filtration efficiency and energy consumption, minimizing pressure drop while
maintaining high particle collection efficiency.

Filtration Efficiency Assessment

Comparative evaluation of the Teflon-coated fiberglass filter against
conventional filter materials revealed significant performance advantages. The novel
composite material achieved 15-20% higher dust removal efficiency relative to
standard filter fabrics. This enhancement is attributed to several mechanisms:

1.  Surface characteristics: The Teflon coating reduces particle adhesion
and facilitates cake release during cleaning cycles

2. Pore size distribution: The composite structure provides optimized pore
geometry for particle capture

3. Electrostatic effects: Material properties influence electrostatic charge
accumulation, enhancing particle collection

Optimal Operational Parameters

Based on comprehensive analysis of experimental data, the following optimal
parameters were established for industrial application:

. Filter cage diameter: 140 mm

. Filter thickness: 3 mm

. Gas velocity: 20-25 m/s

. Gas volumetric flow rate: 550-700 m3/h

These parameters provide maximum filtration efficiency while minimizing
operational costs associated with pressure drop and energy consumption.

SCIENTIFIC NOVELTY

This research contributes several novel findings to the existing body of
knowledge:

1. First comprehensive characterization: This study represents the first
comprehensive investigation of hydrodynamic characteristics of fiberglass-Teflon
composite bag filters specifically designed for cement industry applications.
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2. Experimental validation: The influence of filter parameters (thickness,
diameter) and operational regimes (gas velocity, flow rate) on hydrodynamic resistance
coefficient has been experimentally determined through systematic factorial design.

3. Optimization methodology: Optimal filtration regimes have been
developed based on multi-criteria optimization considering both technical performance
(efficiency, pressure drop) and economic factors (energy consumption, filter
longevity).

4, Predictive modeling: Empirical correlations have been established
enabling prediction of filtration performance under varying operational conditions,
facilitating design and scale-up of industrial installations.

CONCLUSIONS

This experimental investigation of dust cleaning in cement production using bag
filter equipment has yielded the following principal conclusions:

1. Material suitability: Filter material composed of fiberglass substrate
with Teflon coating demonstrates excellent performance characteristics for cement
industry dust collection applications, including high thermal resistance (up to 260°C
continuous operation), chemical stability, and mechanical durability.

2. Optimal operating conditions: Maximum filtration efficiency combined
with minimal hydrodynamic resistance is achieved at filter thickness of 3 mm and gas
velocity range of 20-25 m/s. These parameters represent the optimal balance between
particle collection efficiency and operational energy requirements.

3. Performance enhancement: The Teflon-coated fiberglass composite
filter exhibits 15-20% higher dust removal efficiency compared to conventional filter
materials, representing a significant advancement in particulate emission control
technology.

4, Industrial applicability: Based on experimental findings, practical
recommendations have been developed for industrial implementation, including
specific equipment dimensions (filter diameter: 140 mm), operational parameters (gas
flow rate: 550-700 m3h), and maintenance protocols.

5. Environmental impact: Implementation of the optimized filtration
system can substantially reduce particulate emissions from cement production
facilities, contributing to improved air quality and environmental sustainability.
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