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h2s scrubber design calculation is a critical process in the development and optimization of gas
treatment systems aimed at removing hydrogen sulfide (H?S) from industrial emissions. Proper
calculation ensures that scrubbers operate efficiently, meet environmental standards, and minimize
operational costs. This comprehensive guide will walk you through the fundamental principles,
essential parameters, step-by-step calculation procedures, and key considerations involved in
designing an effective H?S scrubber.

Understanding H?S Scrubber Systems

Before delving into the calculations, it is important to understand the purpose and types of H?S
scrubbers.

What is an H?S Scrubber?

An H?S scrubber is a gas treatment device designed to remove hydrogen sulfide from contaminated
gases before they are released into the atmosphere. These scrubbers typically use a liquid
absorbent?often aqueous solutions containing chemicals like lime, caustic soda, or specialized
absorbents?to react with and neutralize H?S.

Common Types of H?S Scrubbers

- Packed Bed Scrubbers: Use a packed column where the gas interacts with the liquid on high
surface area packing material.

- Tray or Plate Scrubbers: Employ trays or plates to facilitate contact.

- Spray Tower Scrubbers: Use spray nozzles to disperse the absorbent.

- Venturi Scrubbers: Utilize high-velocity gas streams to promote contact.

Each type requires specific design considerations, but the fundamental calculation principles remain
similar.

Key Parameters for H?S Scrubber Design Calculation

Proper design hinges on several critical parameters:

- Gas Flow Rate (Qgas): The volumetric flow rate of the contaminated gas (usually in m3/h or
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ft3/h).

- H?S Concentration (Cin): The inlet concentration of H?S in the gas (ppm, mg/ms3, or mol/m3).

- Desired Outlet H?S Concentration (Cout): The target H?S level after treatment, often dictated
by environmental standards.

- Absorption Efficiency (?): The percentage of H?S to be removed, calculated as:
\[ \eta = \frac{C_{in} - C_{out}}{C_{in}} \times 100\% \]

- Liquid-to-Gas Ratio (L/G): The ratio of liquid flow rate to gas flow rate, influencing contact time
and absorption efficiency.

- Absorbent Properties: Chemical composition, pH, and reaction kinetics.
- Operating Conditions: Temperature, pressure, and residence time.

Step-by-Step H?S Scrubber Design Calculation

Designing an H?S scrubber involves systematic calculations to determine the required absorption
capacity, sizing of equipment, and operation parameters.

Step 1: Determine Gas Flow Rate and H?S Load
- Calculate total gas flow (Qgas): Obtain from process data or plant operations.
- Calculate total H?S mass flow (MH?S):

\[

M_{H_2S} = Q _{gas} \times C_{in}

\

where \( C_{in}\) is expressed in mass per unit volume (e.g., mg/m3).

Step 2: Define Removal Efficiency and Outlet Concentration

- Decide target removal efficiency \( \eta \), based on environmental standards.
\[

C_{out} = C_{in} \times (1 - \frac{\eta}{100})
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- Calculate the required H?S removal:
\[
\Delta C = C_{in} - C_{out}
\

Step 3: Calculate Required Absorption Capacity

- Convert the gas flow and concentration data into molar units for chemical calculations.
\[
\text{Moles of H} 2\text{S per hour} = \frac{Q_{gas} \times C_{in}kM_{H_2S}}
\
where \( M_{H_2S}\) is molar mass (~34.08 g/mol).
- Determine the amount of absorbent needed based on stoichiometry. For example, if lime
(Ca(OH)?) is used:
\[

\text{Reaction:} \quad \mathrm{H_2S} + \mathrm{Ca(OH) 2} \rightarrow \mathrm{CaS} +
2\mathrm{H} 20

\

- The molar ratio indicates 1 mol H?S reacts with 1 mol Ca(OH)?.

Step 4: Design Absorption Zone and Liquid Flow Rate
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- Liquid-to-Gas Ratio (L/G): Select based on literature, typical values range from 0.2 to 2.0 liters
per cubic meter of gas.

- Calculate liquid flow rate (Qliquid):
\[
Q_{liquid} = L/G \times Q_{gas}

\

- Adjust for absorption efficiency and contact time.

Step 5: Determine Scrubber Dimensions

- Column Height (H): Based on required residence time (\( t_{res}\)), typically 1-5 seconds.
\[
H =v_{liquid} \times t_{res}
\
where \( v_{liquid}\) is the superficial liquid velocity, constrained to prevent flooding (usually 0.3?70.6
m/s).
- Column Diameter (D): Derived from the liquid flow rate and maximum permissible velocity:
\[
A = \frac{Q_{liquid}}{v_{liquid}}
\
\[
D = \sqrt{\frac{4AK\pi}}

\
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- Ensure the design allows for proper gas and liquid contact without flooding or channeling.

Step 6: Chemical Consumption and Absorbent Selection

- Calculate the amount of absorbent chemicals needed per hour, considering the molar ratio and

purity.
- Consider factors like absorption capacity, reaction kinetics, and regeneration if applicable.

Additional Considerations in H?S Scrubber Design Calculation
Effective design requires attention to various operational and environmental factors:

- Temperature Control: Elevated temperatures can reduce absorption efficiency; cooling may be
necessary.

- pH Management: Maintaining high pH levels enhances H?S removal.

- Absorbent Handling: Proper storage, dosing, and regeneration methods.

- Material Selection: Compatibility with corrosive gases and liquids.
- Safety Measures: Handling of chemicals like lime or caustic soda.

Example Calculation for an H?S Scrubber
Suppose a plant emits 10,000 m3/h of gas containing 200 ppm of H?S, and the target is to reduce
H?S to below 10 ppm.
- Calculate H?S load:
\[
C_{in} = 200\, \text{ppm} = 200 \, \text{mg/m}*3 \quad (\text{approximate conversion})
\
\[
M_{H_2S} = 34.08 \, \text{g/mol}

\
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\text{Mass flow of H} 2\text{S} = 10,000 \times 200 = 2,000,000 \, \text{mg/h} = 2000 \, \text{g/h}

\

- Determine removal efficiency:

\[

\eta = \frac{200 - 10}{200} \times 100\% = 95\%

\

- Calculate required H?S removal:

\[

\text{H} 2\text{S} to be removed} = 190 \, \text{mg/m}*3

\

- Total H?S molar flow:

\[

\frac{2000 \, \text{g/h}}{34.08 \, \text{g/mol}} \approx 58.7 \, \text{mol/h}

\

- Absorbent requirement:

Assuming complete stoichiometric reaction with lime:

\[

\text{Lime needed} \approx 58.7 \, \text{mol/h}
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which corresponds to:

\[

58.7 \times 74.09 \, \text{g/mol} \approx 4345 \, \text{g/h}

\

- Design parameters:

- Choose a liquid-to-gas ratio \( L/G \) of 1 L/ms:
\[
Q_{liquid} = 1 \times 10,000 = 10,000 \, \text{L/h} =
H2S Scrubber Design Calculation: An In-Depth Analysis for Effective Hydrogen Sulfide Removal

Hydrogen sulfide (H2S) poses significant health, safety, and environmental risks in industries such
as oil and gas production, wastewater treatment, and petrochemical processing. Its toxic and
corrosive nature necessitates efficient removal methods, among which scrubbers?particularly H2S
scrubbers?are widely employed. Designing an effective H2S scrubber requires precise calculations,
engineering considerations, and adherence to safety standards. This article provides a
comprehensive review of H2S scrubber design calculation, covering fundamental principles,
methodologies, and practical considerations essential for engineers, researchers, and industry
professionals.

Introduction to H2S Scrubbing Technologies

Hydrogen sulfide is a colorless, flammable gas characterized by a rotten egg odor. Its presence in
industrial emissions necessitates scrubbing systems capable of removing H2S to meet
environmental regulations and safeguard personnel. Scrubbing technologies include:

- Wet Scrubbers: Utilize liquid absorbents to chemically or physically absorb H2S.
- Dry Scrubbers: Use solid sorbents such as activated carbon.
- Biological Scrubbers: Employ microbial activity to degrade H2S.
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Among these, wet scrubbers?particularly packed tower scrubbers?are prevalent due to their high
removal efficiencies and operational flexibility. The design calculation process focuses primarily on
these systems.

Fundamental Principles of H2S Scrubber Design

Designing an H2S scrubber involves understanding mass transfer processes, chemical reactions,
and operational parameters.

Mass Transfer and Reaction Kinetics

H2S removal relies on mass transfer of the gas into the liquid phase, where it reacts with absorbents
such as caustic solutions or specialized chemicals. The key principles include:

- Henry's Law: Determines the equilibrium concentration of H2S in the liquid.

- Mass Transfer Coefficient (kg and kl): Quantify the rate of transfer between phases.

- Reaction Mechanisms: For example, absorption of H2S in alkaline solutions involves acid-base
reactions converting H2S into sulfides and bisulfides.

Understanding the interplay between these factors guides the calculation of required tower
dimensions and operational parameters.

Key Design Parameters

- Inlet Gas Flow Rate (Qg): Volume or molar flow of contaminated gas.

- H2S Concentration in Inlet Gas (Cg,i): Usually expressed in ppm or mol/m3.

- Outlet H2S Concentration (Cg,0): Target removal efficiency or residual concentration.

- Absorbent Properties: Type, concentration, and flow rate of scrubbing liquid.

- Temperature and Pressure Conditions: Affect gas-liquid equilibrium and reaction kinetics.
- Tower Height and Cross-Sectional Area: Determined based on mass transfer calculations.

Step-by-Step H2S Scrubber Design Calculation

The process involves multiple stages, from defining inlet conditions to calculating tower dimensions
and operational parameters.

1. Define Design Objectives and Operating Conditions
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- Specify inlet gas flow rate (Qg)
- Determine inlet H2S concentration (Cg,i)
- Set desired outlet H2S concentration (Cg,0)
- Establish absorbent type and flow rate
2. Calculate H2S Removal Load
Determine the molar or mass flow of H2S to be removed:
\[
\text{H} 2\text{S removal rate } (L) = Q_g \times (C_{g,i} - C_{g,0})
\
Where:
- Qg: Gas flow rate (e.g., m3/h)
- Cg,i, Cg,0: Inlet and outlet H2S concentrations (e.g., mol/m3)
3. Establish Gas-Liquid Equilibrium Data
Using Henry's law, the equilibrium concentration of H2S in the liquid phase at the given temperature:
\[
C_{}* =\frac{C_{g}X{H}
\
Where:
- H: Henry's law constant at operating temperature (unitless or mol/(ms3-Pa))
- Cg: partial pressure or concentration of H2S in the gas phase

Empirical or literature data provide H values for H2S at various temperatures.

4. Calculate the Gas?Liquid Mass Transfer Coefficient (Kg)
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Using empirical correlations or literature data, estimate the overall mass transfer coefficient,
considering factors such as:

- Bubble size
- Turbulence
- Packing type and size
Common correlations include the Whitman or Chilton-Colburn equations.
5. Determine Required Gas?Liquid Contact Area
Using the overall mass transfer rate:
\[
L = K_G \times A \times \Delta C
\
Where:
- L: H2S removal rate
- KG: Overall mass transfer coefficient (mol/(m?2-s))
- A: Gas-liquid contact area (m?)
- ?C: Concentration driving force (difference between inlet gas and equilibrium concentration)
Rearranged to find the required contact area:
\[
A = \frac{LHK_G \times \Delta C}
\
6. Calculate Tower Dimensions

Once the contact area is known, the tower cross-sectional area (At) is:

\[
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A_{t} = \frac{Q_gHv_g}
\

Where:

- vg: Gas superficial velocity (m/s), typically kept below a certain limit to prevent flooding.
The tower height (Ht) depends on the required contact time and mass transfer efficiency:
\[
H_t = \text{Number of transfer units} \times \text{Height of transfer unit}
\
Transfer units (NTU) are derived from empirical data, often ranging from 2 to 4 for packed columns.
Practical Considerations and Standard Methods

While the above provides a theoretical framework, practical design must incorporate safety margins,
operational constraints, and standards.

Use of Standard Design Equations and Software
Many engineers leverage established correlations, such as those from the American Petroleum
Institute (API), or dedicated simulation software like Aspen HYSYS or ProMax, which incorporate
complex thermodynamic and mass transfer models.
Safety Margins and Regulatory Compliance
Design calculations typically include factors of safety, accounting for:

- Variability in inlet concentrations

- Fouling or packing degradation

- Uncertainties in mass transfer coefficients

Compliance with environmental standards (e.g., EPA, OSHA) mandates residual H2S levels below
specified thresholds.
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Example of Commonly Used Empirical Correlation

The Sherwood number (Sh) often relates to the Reynolds number (Re) and Schmidt number (Sc):
\[

Sh =2 + 0.6 \times Re”{0.5} \times Sc"{0.33}

\

This helps estimate the mass transfer coefficient in packed columns.

Case Study: Design Calculation for a Typical H2S Scrubber

Suppose an industrial facility vents 10,000 m3/h of gas containing 200 ppm of H2S. The goal is to
reduce H2S to below 10 ppm.

Step 1: Convert concentrations to molar basis.

- Inlet molar flow of H2S:
\[
Q_{H_2S,i} = Q_g times \frac{C_{ppm}}{1076} \times \text{molar volume}
\
Assuming standard conditions (22.4 L/mol), calculate molar flow.
Step 2: Determine removal load:
\[
L=Q {H_2S,i}-Q _{H_2S,0}
\

Step 3: Use Henry's law and empirical data to estimate the required contact area, then proceed to
determine tower dimensions based on typical packing characteristics.
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This exemplifies how calculations translate into practical design parameters.

Advancements and Future Trends in H2S Scrubber Design

Emerging innovations aim to enhance efficiency, reduce operational costs, and improve
environmental compliance.

- Nanostructured Packing Materials: Increase surface area and mass transfer efficiency.

- Integrated Biological and Chemical Systems: Combine biological degradation with chemical
absorption.

- Real-Time Monitoring and Automation: Use sensors and control systems for dynamic
adjustments.

- Computational Fluid Dynamics (CFD): Simulate flow patterns and mass transfer for optimized
designs.

Conclusion

H2S scrubber design calculation is a complex, multidisciplinary task requiring a thorough
understanding of mass transfer principles, chemical reactions, and operational constraints. Accurate
calculations rely on empirical data, thermodynamic properties, and process modeling to achieve
desired removal efficiencies safely and cost-effectively. As industries strive for higher environmental
standards and operational excellence, advancements in materials, modeling techniques, and
process integration will further refine scrubber designs, ensuring

QuestionAnswer What are the key parameters to consider in H2S scrubber design calculation?
Key parameters include the inlet H2S concentration, gas flow rate, scrubbing liquid flow rate,
absorption efficiency, contact time, and the properties of the scrubbing liquid, such as pH and
chemical composition. How do you determine the required size of an H2S scrubber based on gas
flow rate? The size is determined by calculating the gas residence time and contact area needed for
efficient absorption. Using the inlet gas flow rate and desired removal efficiency, you can estimate
the cross-sectional area and height of the scrubber using mass transfer principles. What role does
packing material play in H2S scrubber design calculations? Packing material affects the surface
area for mass transfer, pressure drop, and liquid distribution. Proper selection and calculation of
packing size and type are crucial for optimizing absorption efficiency and ensuring the scrubber
operates within safe pressure limits. How is the absorption efficiency of an H2S scrubber calculated
during design? Absorption efficiency can be calculated using mass transfer equations, such as the
Henry's law constant, gas-liquid contact area, and liquid flow rate. Empirical correlations and
process simulation tools are also employed to predict removal performance accurately. What safety
factors should be incorporated into H2S scrubber design calculations? Safety factors include
allowances for variability in inlet H2S concentrations, potential scaling or fouling of the scrubber,
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pressure drops, and operational uncertainties. These factors ensure the scrubber maintains
performance under real-world conditions and complies with safety standards.

Related keywords: H2S scrubber design, hydrogen sulfide removal, scrubber sizing, gas
absorption calculation, packed tower design, scrubber efficiency, gas flow rate, absorber tower
calculation, scrubbing liquid flow, contamination removal

hcl gas scrubber design calculation

hcl gas scrubber design calculation is a critical process in ensuring effective removal of hydrogen
chloride (HCI) gas from industrial exhaust streams. Proper design and precise calculations are
essential to achieve optimal scrubbing efficiency, compliance with environmental regulations, and
operational safety. This article provides a comprehensive overview of the key factors,
methodologies, and steps involved in HCI gas scrubber design calculations, offering valuable
insights for engineers and environmental specialists.

Understanding HCI Gas and the Need for Scrubbing

What is HCI Gas?

Hydrogen chloride (HCI) is a colorless, pungent gas with a sharp smell, commonly produced during
the manufacturing of chemicals, metal processing, and waste incineration. Due to its corrosive
nature and environmental impact, controlling HCI emissions is vital.

Environmental and Safety Concerns

Uncontrolled HCI emissions can lead to acid rain, respiratory issues, and corrosion of equipment.

Regulatory agencies impose strict limits on HCI emissions, necessitating the use of scrubbers to
capture and neutralize the gas effectively.

Types of HCI Gas Scrubbers
The choice of scrubber type significantly influences the design calculations. Common types include:
- Packed Bed Scrubbers: Use packing materials to facilitate contact between gases and liquids.

- Venturi Scrubbers: Utilize high-velocity gas streams to create a jet that captures pollutants.
- Spray Tower or Wet Scrubbers: Use spray nozzles to distribute scrubbing liquid over the gas



H2S SCRUBBER DESIGN CALCULATION PDF Vol. 2026, Issue 10

stream.

Each type offers different efficiencies, operational costs, and maintenance requirements, affecting
the calculation parameters.

Fundamental Principles of HCI Gas Scrubbing

Designing an effective scrubber hinges on understanding the physics and chemistry involved:
- Mass transfer: The process of transferring HCI from the gas phase to the liquid phase.
- Chemical neutralization: HCI reacts with alkaline solutions (e.g., NaOH, Ca(OH)?) to form

neutral salts.
- Kinetics: The rate of absorption depends on contact time, surface area, and chemical reactions.

Key Parameters for Scrubber Design Calculation
Accurate calculations consider several critical parameters:
1. Gas Flow Rate (Qg)

Measured in volumetric units (e.g., m3/hr or ft3/min), it determines the size and capacity of the
scrubber.

2. HCI Concentration in Exhaust Gas (Cg)

Expressed in parts per million (ppm) or mg/Nm3, it indicates the amount of HCI to be removed.
3. Inlet and Outlet HCI Concentrations (C_in and C_out)

Establish the target removal efficiency, often expressed as a percentage.

4. Gas Temperature (TQ)

Affects solubility and reaction rates.

5. Liquid Flow Rate (QI)

The volume of scrubbing liquid required for neutralization and mass transfer.

6. Scrubber Packing or Contact Surface Area
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Determines the efficiency of gas-liquid contact.
7. Absorption Efficiency (?)
The target removal efficiency, often between 95-99% for HCI.
Step-by-Step Calculation Approach
Step 1: Determine the Total HCI Load
Calculate the total amount of HCI to be removed based on the inlet gas:
\[ text{HCI| mass flow} = Q_g \times C_g\]
Where:

-\(Q_g\) = Gas flow rate (m?3/hr)

-\( C_g\) = HClI concentration in gas (mg/m?3)
For example, if the inlet HCI concentration is 1000 ppm and the gas flow is 10,000 m3/hr:
\[ text{HCI} = 10,000 \text{ m}"3/\text{hr} \times 1000 \text{ ppm} \]
\[ \text{HCI} = 10,000 \text{ m}*3/\text{hr} \times 1000 \text{ mg/m}"3 \]
\[ text{HCI} = 1077 \text{ mg/hr} ]
This is the total HCI to be scrubbed.
Step 2: Define Removal Efficiency
Decide on the removal efficiency, e.g., 99%. Then, the outlet HCI concentration:
\[ C_{out} = C_{in} \times (1 - \eta) \]
Suppose:
\[ C_{out} = 1000 \text{ ppm} \times (1 - 0.99) = 10 \text{ ppm} \]

Corresponding to a reduced HCI load:
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\[ text{HCI} \text{out} = 10,000 \text{ m}*3/\text{hr} \times 10 \text{ mg/m}*3 = 1 \times 10"5 \text{
mg/hr} \]

The difference indicates the amount of HC| absorbed:
\[ \Delta \text{HCI} = 10"7 - 10”5 = 9.9 \times 1076 \text{ mg/hr} \]
Step 3: Calculate Liquid Requirements

The amount of scrubbing liquid needed depends on the absorption capacity, which is influenced by
the solubility of HCI and the neutralizing agent used.

Assuming the use of an alkaline solution like NaOH:
\[ text{NaOH requirement} = \frac{\text{HCI mass}}{1} \]
Since HCI reacts with NaOH in a 1:1 molar ratio:
- Molar mass of HCI ? 36.46 g/mol
- Molar mass of NaOH ? 40 g/mol
Calculate molar quantities:
\[ \text{Moles of HCI} = \frac{9.9 \times 1076 \text{ mg}}{36.46 g/mol} \approx 271,600 \text{ mol} \]
Corresponding NaOH:
\[ text{NaOH} = 271,600 \text{ mol} \times 40 g/mol = 10,864,000 g \approx 10,864 \text{ kg} \]

Determine liquid flow rate based on concentration of NaOH solution used:

- For a 1 M NaOH solution (40 g/L), volume needed:

\[ V_{NaOH} = \frac{10,864,000 g}{40 g/L} = 271,600 \text{ L} \]

- Over an operation period (e.g., per hour), this gives the required flow rate.

Alternatively, the total liquid flow can be optimized based on the contact efficiency, packing surface
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area, and neutralization kinetics.

Step 4: Determine Scrubber Size and Configuration
The physical dimensions depend on gas and liquid flow rates, packing type, and desired contact
time.
- Gas residence time: Typically 1-3 seconds.
- Liquid residence time: Usually longer to ensure complete absorption.
Design equations involve:
\[ text{Cross-sectional area} = \frac{Q_gH\text{Gas velocity}} \]

\[ text{Liquid flow rate} = \text{Liquid velocity} \times \text{Cross-sectional area} \]

Standard practices recommend gas velocities of 1-3 m/sec in packed beds and liquid velocities of
0.2-0.5 m/sec.

Calculating and Selecting Packing Materials

Packing material plays a crucial role in mass transfer efficiency:

- High surface area
- Corrosion resistance
- Mechanical strength

Common packing types include structured packings and random packings like Raschig rings or Pall
rings.

Additional Considerations for HCI Gas Scrubber Design
- Corrosion resistance: Use materials such as PVC, PTFE, or acid-resistant alloys.
- Maintenance: Design for ease of cleaning and replacement.

- Discharge and neutralization: Properly neutralize and dispose of the neutralized salts.
- Environmental compliance: Ensure the outlet gas meets regulatory standards.

Sample Calculation Summary
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To illustrate, suppose an industrial exhaust emits 10,000 m3/hr of gas containing 1000 ppm HCI. The
goal is to remove 99% of HCI:

- Calculate the total HCI load.

- Determine the required neutralizing agent (NaOH) based on the amount of HCI.
- Design the liquid flow rate accordingly.

- Select suitable packing material and size the scrubber dimensions.

- Incorporate safety margins and operational factors.

Conclusion

Designing an HCI gas scrubber involves meticulous calculation and consideration of multiple
parameters to ensure high removal efficiency, safety, and compliance. From understanding the gas
flow and concentration to selecting appropriate packing and neutralizing agents, each step
contributes to an effective scrubbing system. Regular monitoring and maintenance further enhance
performance and longevity. Properly executed HCI gas scrubber design calculations not only protect
the environment

HCL Gas Scrubber Design Calculation: An Expert Overview

In industries such as chemical manufacturing, metallurgy, and waste treatment, the effective
removal of hazardous gases like hydrogen chloride (HCI) from process exhaust streams is critical for
environmental compliance, worker safety, and process efficiency. Central to this task are HCI gas
scrubbers?specialized equipment designed to capture and neutralize acid gases before they are
released into the atmosphere. Designing an efficient HCI gas scrubber requires precise calculations,
an understanding of chemical reactions, fluid dynamics, and engineering principles.

This article provides an in-depth exploration of the HCI gas scrubber design calculation, offering
industry insights, step-by-step methodologies, and best practices. Whether you're an engineer,

process designer, or environmental specialist, this comprehensive guide aims to clarify the
complexities involved in scrubber design and help optimize system performance.

Understanding HCI Gas Scrubbing: Fundamentals and Importance

Before delving into calculations, it's essential to grasp the fundamental concepts behind HCI gas
scrubbing.

What is an HCI Gas Scrubber?

An HCI gas scrubber is a device that removes hydrogen chloride gas from industrial exhaust
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streams through physical or chemical processes, primarily utilizing scrubbing liquids?commonly
agueous solutions?capable of neutralizing acids.

Why Is HCI Gas Removal Critical?

- Environmental Compliance: Many countries enforce strict limits on acid gas emissions to protect
ecosystems and public health.

- Worker Safety: HCI fumes are corrosive, respiratory irritants, and can cause severe health
issues upon exposure.

- Equipment Protection: Acid gases can corrode downstream equipment, leading to maintenance
costs and operational downtime.

Types of HCI Gas Scrubbers:

- Packed Bed Scrubbers: Utilize packing materials to increase contact surface area between gas
and scrubbing liquid.

- Venturi Scrubbers: Use high-velocity gas streams to induce turbulence, enhancing absorption.

- Spray Towers: Employ spray nozzles to atomize scrubbing liquids, facilitating mass transfer.

- Impaction and Absorption Columns: Rely on impaction and absorption principles for efficient
removal.

Key Parameters in HCI Gas Scrubber Design

Effective scrubber design hinges on understanding several key parameters:

- Inlet Gas Flow Rate (Qgas): The volumetric flow rate of the contaminated gas entering the
scrubber, usually expressed in m3/hr or ft3/min.

- HCI Concentration in Gas (Cgas): The partial pressure or molar concentration of HCl in the inlet
stream.

- Desired Outlet HCI Concentration (Cout): Targeted residual HCI level post-scrubbing, often near
zero for complete removal.

- Inlet Gas Temperature (Tgas): Influences absorption efficiency and liquid requirements.

- Scrubbing Liquid Properties: pH, flow rate, and chemical composition?commonly water with
neutralizing agents like NaOH or Ca(OH)?.

- Absorption Efficiency (?): The fraction of HCI removed from the gas stream.

Understanding these parameters allows engineers to calculate the necessary scrubber dimensions,
liquid flow rates, and chemical dosing to meet emission standards.
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Step-by-Step HCI Gas Scrubber Calculation Methodology
Designing an HCI scrubber involves systematic calculations that ensure the device can handle the
specified gas flow and concentration while maintaining high removal efficiency.
- Determining Gas Flow and HCI Load
a. Calculate the molar flow rate of HCl in the inlet gas:
\[
\text{HCI molar flow } (n_{HCI}) = \frac{Q_{gas} \times C_{gas}HR \times T_{gas}}
\
Where:
-\(Q_{gas}\) = Gas volumetric flow rate (m3/hr)
- \(C_{gas}\) = Concentration of HCI in the inlet gas (mol/m3)
- \(R\) = Universal gas constant (8.314 J/mol-K)
- \(T_{gas}\) = Absolute temperature (K)
b. Determine the total HCl moles that need to be removed:
\[
n_{HCI, removal} = n_{HCI} \times (1 - \eta)
\
Assuming a high removal efficiency (e.g., 99%), this calculation ensures the scrubber is designed to
handle the maximum expected acid load.
- Calculating the Required Absorbing Liquid Flow Rate

a. Establish the neutralization reaction:

\[
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\text{HCI} + \text{NaOH} \rightarrow \text{NaCl} + \text{H} 2\text{O}
\
b. Calculate the amount of neutralizing agent needed:

Assuming complete neutralization, the molar flow rate of NaOH (or equivalent) must match the HCI
molar flow:

\[
n_{NaOH} = n_{HCI, removal}
\
c. Determine the volume of scrubbing liquid:
Based on the desired residence time (\(t_{res}\)) and the liquid flow rate:
\[
Q_{liquid} = n_{NaOH} \times \frac{M_{NaOH}}{\text{Concentration of NaOH}}
\
Where \(M_{NaOH}\) is the molar mass of NaOH (40 g/mol).
Alternatively, for water-based scrubbing, the liquid flow rate is often chosen based on mass transfer
considerations, ensuring sufficient contact time for effective neutralization.
- Designing Scrubber Dimensions
a. Cross-Sectional Area (A):
Using the gas velocity (\(v_{gas}\)):
\[

A =\frac{Q_{gas}{v_{gas}}
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\

Typical gas velocities in scrubbers range from 1?3 m/sec to prevent excessive pressure drop and
ensure good contact.

b. Height of the Scrubber (H):
Determined by the required gas residence time (\(t_{res}\)):
\[
H =v_{gas} \times t_{res}
\
A common residence time ranges from 2?5 seconds, depending on process specifics.
c. Packing or Tray Design:
For packed bed scrubbers, parameters such as packing type, size, and surface area are selected
based on mass transfer coefficients and pressure drop calculations.
- Mass Transfer and Absorption Efficiency
a. Use of the Henry?s Law constant (\(H_{HCI}\))
Henry's law relates the partial pressure of HCl in the gas phase to its concentration in the liquid:
\[
C_{liquid} = \frac{p_{HCI}K{H_{HCI}
\
This helps estimate the driving force for absorption.
b. Applying the Overall Mass Transfer Coefficient (\(K_{G} a\)):

The absorption rate can be approximated as:
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\[

\text{Absorption Rate} = K_{G} a \times \left( C_{gas} - C_{liquid} \right)

\

Where:

- \(K_{G}\) = Gas-phase mass transfer coefficient
- \(a\) = Specific interfacial area (m2/m3)

Designs aim to maximize \(K_{G} a\), often through packing or tray selection.

Additional Design Considerations

Design calculations are just the starting point. Several other factors influence the final system
performance:

- Corrosion Resistance: Materials like PVC, stainless steel, or coated metals are chosen to
withstand acid corrosion.

- Pressure Drop: Adequate design minimizes pressure losses to avoid impacting process
operations.

- Liquid-to-Gas Ratio (L/G): Typical ratios range from 3:1 to 15:1, depending on the desired
removal efficiency and process constraints.

- Chemical Dosing Control: Automated systems maintain proper neutralizing agent levels for
consistent neutralization.

Practical Example: HCI Gas Scrubber Calculation in a Metallurgical
Plant

Suppose an exhaust stream contains 500 m3/hr of gas with an HCI concentration of 200 ppmv at
25°C. The goal is to remove >99% of HCI.

Step 1: Convert ppmv to molar concentration

- 200 ppmv = 200 mol HCI / 1076 mol air
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- Molar flow rate of air:
\[
n_{air} = \frac{Q_{gas} \times PKR \times T}
\
Assuming standard pressure (1 atm):
\[

n_{air} = \frac{500\, \text{m}*3/hr \times 1\, \text{atm}}{8.314\, \text{J/mol-K} \times 298\, \text{K}}
\times \text{conversion factor}

\

Proceeding with calculations yields the molar flow of HCI, from which the neutralizing agent and
liquid flow rates are derived.

Step 2: Determine the neutralization requirements

- For 99% removal:
\[
n_{HCI, removal} = 0.99 \times \text{initial molar HCI}

\

- Corresponding NaOH volume:
\[
Q_{NaOH} = n_{HCI, removal
QuestionAnswer What are the key parameters to consider in designing an HCI gas scrubber?

Key parameters include the inlet HCI gas concentration, flow rate, desired outlet concentration,
scrubbing liquid properties, gas-liquid contact method, and operational pressure and temperature
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conditions. How do you determine the required scrubbing liquid flow rate for HCI gas removal? The
liquid flow rate is calculated based on the desired removal efficiency, the inlet and outlet HCI
concentrations, and the absorption capacity of the scrubbing liquid, using mass balance equations
and Henry's law for gas-liquid absorption. What is the role of packing height and type in HCI
scrubber design calculations? Packing height and type influence the contact surface area and
gas-liquid contact efficiency. Proper selection ensures sufficient contact time and mass transfer,
which are calculated based on the required absorption load and packing characteristics. How is the
absorption efficiency of HCI gas in a scrubber calculated? Absorption efficiency is determined by the
ratio of HCI removed to the inlet HCI, often calculated using mass transfer coefficients, Henry's law
constants, and the gas-liquid contact parameters, to ensure target removal levels are achieved.
What are common methods to size an HCI gas scrubber physically and hydraulically? Sizing
involves calculating the gas flow rate, choosing appropriate packing or tray design for effective
contact, determining the necessary cross-sectional area to handle the flow, and ensuring liquid and
gas velocities are within operational limits to prevent flooding or channeling. How do operational
factors like temperature and pressure affect HCI scrubber design calculations? Temperature and
pressure influence gas solubility, absorption capacity, and reaction kinetics. Higher temperatures
may reduce solubility, requiring adjustments in liquid flow or packing height, while pressure impacts
the partial pressure of HCI, affecting absorption efficiency and equipment sizing.
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