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Hydrochloric acid (HCI) is one of the most widely used industrial chemicals, playing a vital role in
various sectors including manufacturing, chemical processing, environmental management, and
laboratory research. When purchasing hydrochloric acid, the most common form encountered is a
concentrated solution with a specific percentage by mass and a distinct density. Understanding these
parameters is essential for proper handling, storage, and application of the chemical. This article
provides an in-depth overview of the characteristics of concentrated hydrochloric acid, focusing on
the typical concentration of 37.0% HCI by mass and its associated density, alongside their
significance in industrial and laboratory contexts.

Understanding Hydrochloric Acid Concentration and
Density

Hydrochloric acid is a strong, corrosive acid composed of hydrogen chloride gas dissolved in water. Its
concentration and density are crucial parameters that influence its reactivity, safety measures, and
suitability for specific applications.

What Does 37.0% HCI by Mass Mean?

The concentration of hydrochloric acid is often expressed as a percentage by mass, indicating the
proportion of HCl relative to the total weight of the solution.

- Definition: 37.0% HCI by mass means that in 100 grams of the solution, there are 37 grams of HCI
and 63 grams of water.

- Significance: This standardized concentration is considered "technical grade" and is widely used
across industries for its balance of reactivity and ease of handling.

- Preparation: Commercial HCl solutions are typically prepared by diluting concentrated, gaseous
hydrogen chloride with water to achieve this precise concentration.

The Role of Density in Hydrochloric Acid Solutions

Density, usually expressed in grams per cubic centimeter (g/cm3) or grams per milliliter (g/mL), is a
measure of mass per unit volume.

- Relationship with Concentration: The density of hydrochloric acid increases with higher



concentrations. For 37.0% HCI, the density is approximately 1.19 g/mL at room temperature.

- Impact on Handling: Knowledge of density helps in accurate measurement and transfer of the acid,
especially when diluting or mixing with other chemicals.

- Temperature Dependence: Both concentration and density are temperature-dependent; thus,
standard conditions (often 20°C) are used for reference.

Characteristics of 37.0% Hydrochloric Acid

Understanding the physical and chemical properties of 37% HCl is essential for safe and effective use.

Physical Properties

- Appearance: Clear, colorless liquid with a pungent odor.

- Density: Approximately 1.19 g/mL at 20°C.

- Boiling Point: Around 108.6°C, which is lower than water due to the presence of hydrogen chloride.
- Viscosity: Slightly higher than water, influencing flow and transfer considerations.

Chemical Properties

- Reactivity: Highly reactive, especially with metals, bases, and organic materials.

- Corrosiveness: Capable of corroding most metals and damaging tissues on contact.

- Dilution: When diluted with water, releases heat; thus, addition of acid to water is recommended for
safety.

Industrial and Laboratory Uses of 37% Hydrochloric
Acid

The standardized concentration of 37% HCI makes it versatile for numerous applications across
different fields.

Industrial Applications

1. Pickling of Steel: Removing rust and scale from steel surfaces before further processing.

2. Production of Organic Compounds: Essential in the manufacture of vinyl chloride, pesticides, and
other chemicals.

3. pH Regulation: Adjusting pH levels in wastewater treatment plants.

4. Food Industry: Used as a food additive and in the production of gelatin and other food products.
5. Leather Tanning: Assisting in the removal of hair and other impurities.



Laboratory and Analytical Uses

- Titrations and pH adjustments.
- Reagent for preparing other chemicals.
- Cleaning laboratory equipment due to its ability to dissolve mineral deposits.

Safety Considerations When Handling 37%
Hydrochloric Acid

Due to its corrosive nature, proper safety protocols are vital when working with concentrated HCI.

Protective Equipment

- Chemical-resistant gloves.
- Safety goggles or face shields.
- Lab coats or acid-resistant aprons.

Storage Guidelines

- Store in well-ventilated, corrosion-resistant containers, such as polyethylene or glass.
- Keep away from incompatible substances like alkalis, chlorates, and organic materials.
- Clearly label storage containers with hazard warnings.

Spill and Emergency Procedures

- Evacuate the area and ventilate.

- Neutralize spills with suitable neutralizing agents such as sodium bicarbonate.
- Use appropriate PPE during cleanup.

- Seek immediate medical attention for contact or inhalation exposure.

Measuring and Diluting Concentrated Hydrochloric Acid

Accurate measurement is critical to ensure safety and achieve desired chemical concentrations.

Calculating Volume for Dilution

To prepare a specific volume or concentration, use the dilution formula:



[C1V1=C2V2\]

Where:

-\( C_1\) = initial concentration (37%)

-\(V_1\) = volume of concentrated acid needed
-\( C_2\) = desired concentration

-\(V_2\) = final volume

Example: To prepare 1 liter of 10% HCI:
\[ V_1 =\frac{C 2 \times V_2}{C 1} = \frac{10\% \times 1000\,mL}{37\%} \approx 270\,mL\]

Dilute this volume with water carefully, adding acid to water slowly to minimize exothermic reactions.

Using Density for Accurate Measurement

- Measure the density of the acid solution at the operating temperature.
- Use standard reference tables to determine the exact concentration if needed.
- Employ volumetric flasks or graduated cylinders for precise measurement.

Conclusion

Hydrochloric acid with a concentration of 37.0% HCI by mass and a density of approximately 1.19
g/mL at 20°C is the most common form used in industrial and laboratory settings. Its widespread
application stems from its effectiveness in cleaning, manufacturing, and chemical processing. Proper
understanding of its physical properties, safe handling, and accurate measurement techniques are
essential for maximizing its benefits while minimizing risks. Whether used for pH control, metal
cleaning, or chemical synthesis, the standardized concentration and known density make 37% HCl a
reliable and indispensable chemical in various sectors. Always adhere to safety guidelines and consult
Material Safety Data Sheets (MSDS) when working with concentrated hydrochloric acid to ensure safe
and effective use.

Frequently Asked Questions

What is the typical concentration of hydrochloric acid
purchased for laboratory and industrial use?

Hydrochloric acid is usually purchased in a concentrated form containing approximately 37.0% HCI by
mass.

Why is hydrochloric acid commonly sold in concentrated form



rather than diluted?

Concentrated hydrochloric acid is more stable for storage and transportation, and it allows users to
dilute it to the desired concentration for specific applications.

How does the density of concentrated hydrochloric acid relate
to its concentration?

The density of hydrochloric acid increases with higher concentration; for 37.0% HCI, the density is
typically around 1.19 g/mL at room temperature.

What precautions should be taken when handling
concentrated hydrochloric acid with a density of 1.19 g/mL?

Proper personal protective equipment such as gloves, goggles, and lab coats should be used, and
handling should occur in well-ventilated areas to avoid inhalation of fumes and chemical burns.

How can the concentration of hydrochloric acid be determined
using its density?

The concentration can be estimated by comparing the measured density to standard calibration
tables or using empirical formulas that relate density to HCI concentration.

What are the common uses of concentrated hydrochloric acid
in industry?

It is used in metal cleaning and pickling, pH regulation, chemical synthesis, and the production of
inorganic compounds.

How does temperature affect the density of concentrated
hydrochloric acid?

As temperature increases, the density of hydrochloric acid decreases slightly, so measurements
should be temperature corrected for accuracy.

What are the environmental considerations when disposing of
concentrated hydrochloric acid?

Hydrochloric acid must be neutralized before disposal, typically with a base like sodium bicarbonate,
and should be handled according to environmental regulations to prevent harm to ecosystems.

Can the concentration of hydrochloric acid vary between
suppliers, and how is this verified?

Yes, concentrations can vary; verification is done through titration or density measurements to ensure
the correct concentration for specific applications.
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Hydrochloric acid (HCI) is one of the most widely used industrial chemicals, integral to various sectors
ranging from chemical manufacturing and metal processing to water treatment and laboratory
research. A prevalent form of commercial hydrochloric acid is the concentrated solution, typically
containing approximately 37.0% HCI by mass, accompanied by a specific density profile. This article
aims to provide a comprehensive examination of the characteristics, production, handling, and
applications of hydrochloric acid in this concentrated form, elucidating why such specifications are
critical for industrial and scientific use.

Understanding Hydrochloric Acid: Composition and
Significance

Hydrochloric acid is a simple dihydrogen chloride (HCI) molecule dissolved in water. Its aqueous
solution is characterized by high acidity and corrosiveness, making it both a valuable reagent and a
hazardous substance requiring careful handling.

Key Characteristics of Commercial Hydrochloric Acid:

- Concentration: Typically 37.0% by mass

- Density: Approximately 1.19 g/mL at 20°C

- pH: Less than 1, indicating strong acidity

The standardization of this concentration—often referred to as "concentrated hydrochloric

acid"—serves as a benchmark in industry and laboratories, ensuring consistency in chemical reactions
and processes.

Why 37% HCI by Mass? The Rationale Behind the
Standard Concentration

The 37% concentration of hydrochloric acid is not arbitrary. It results from a balance between ease of
handling, storage stability, reactivity, and economic considerations.

Historical Development and Industry Standards

Historically, the 37% concentration emerged as an optimal balance point—high enough to maximize



efficiency in industrial applications, yet manageable in terms of safety and corrosion potential. Over
decades, industry standards and safety regulations have codified this concentration as a reference
point, streamlining procurement, storage, and application protocols.

Advantages of the 37% Solution

- High Reactivity: Enables efficient chemical reactions, such as in metal etching or pH adjustments.
- Storage Stability: Less prone to decomposition or evaporation compared to more concentrated
forms.

- Ease of Dilution: Facilitates precise preparation of solutions at desired molarities.

- Cost-Effectiveness: Balances concentration with transportation and storage costs.

Physical Properties: Density and Its Implications

The density of concentrated hydrochloric acid is a critical parameter influencing its handling, safety,
and application.

Density Profile of 37% HCI

At 20°C, a typical 37% HCI solution exhibits a density of approximately 1.19 g/mL. This density is
essential for:

- Accurate Dilution: Calculations for preparing solutions of specific molarity rely on density.
- Quality Control: Ensures product consistency across batches.
- Safety Measures: Higher densities correlate with increased corrosivity and potential hazards.

Temperature Dependence

Density varies with temperature—generally decreasing as temperature increases. For precise
applications, temperature corrections are necessary:

- At 25°C: Density drops slightly below 1.19 g/mL.
- Handling Precautions: Elevated temperatures can increase vapor pressure, leading to more vigorous
fumes.



Production Methods and Purity Standards

The manufacturing of concentrated hydrochloric acid involves several industrial processes designed
to ensure purity, safety, and compliance with regulatory standards.

Manufacturing Processes

- Direct Synthesis: Reaction of chlorine gas with hydrogen gas in the presence of a catalyst, followed
by absorption in water.

- Byproduct Recovery: Acid is often recovered from chemical manufacturing processes such as
chlorination or metal pickling.

Purity and Quality Control

- Impurities: Commercial HCI solutions typically contain trace amounts of impurities such as chlorides,
chlorates, or residual gases.

- Standards Compliance: ASTM D-4397 and other standards specify maximum impurity levels,
ensuring suitability for sensitive applications.

Packaging and Storage

- Containers: Usually supplied in corrosion-resistant materials such as polyethylene or glass-lined
steel.
- Labeling: Clear hazard warnings, concentration, and handling instructions are mandatory.

Applications of 37% Hydrochloric Acid in Industry and
Research

The widespread utility of hydrochloric acid in its concentrated form stems from its strong acidity,
ability to dissolve metals, and role as a reagent.

Industrial Applications

- Metal Cleaning and Pickling: Removing rust and scale from steel and other metals.

- pH Regulation in Water Treatment: Adjusting alkalinity levels.

- Production of Inorganic Compounds: Such as chlorides, metal chlorides, and other chemicals.
- Manufacturing of Organic Chemicals: Including vinyl chloride and other polymers.



Laboratory and Analytical Uses

- Titrations: As a standard acid for titration experiments.
- Sample Preparation: Dissolving mineral samples or preparing reagents.
- pH Adjustment: In various chemical analyses.

Handling, Safety, and Environmental Considerations

Given its corrosive nature, concentrated hydrochloric acid demands rigorous safety protocols.

Handling Precautions

- Use of personal protective equipment (PPE): gloves, goggles, lab coats.

- Use of fume hoods to prevent inhalation of fumes.

- Proper storage in corrosion-resistant containers, away from incompatible substances such as bases
and oxidizers.

Emergency Measures

- Immediate rinsing of skin or eyes with water in case of contact.
- Neutralization with suitable bases (e.g., sodium bicarbonate) in spill scenarios.
- Proper disposal following environmental regulations.

Environmental Impact

- Acid spills can cause soil and water contamination.
- Emissions of HCI fumes contribute to acid rain and air pollution.
- Responsible handling and waste management are essential for minimizing environmental damage.

Concluding Remarks

The standard commercial form of hydrochloric acid, containing approximately 37.0% HCI by mass and
characterized by a density of around 1.19 g/mL at 20°C, exemplifies the intersection of chemical
engineering, safety considerations, and industrial efficiency. Its widespread applications, from metal
processing to laboratory research, hinge on this precise formulation, which balances reactivity,
stability, and safety.



As industries evolve and safety standards tighten, understanding the properties and implications of
this concentrated form remains vital for chemists, engineers, and safety professionals alike. Proper
handling, storage, and application of 37% hydrochloric acid are essential to harness its benefits while
safeguarding health and the environment.

In summary:

- The 37% concentration is a standardized, optimized solution for diverse applications.

- Density at approximately 1.19 g/mL enables precise calculations and safe handling.

- The balance of reactivity, stability, and safety makes this form the industry benchmark.

- Responsible management and adherence to safety protocols are critical in utilizing hydrochloric acid
effectively.

By demystifying the properties and significance of this concentrated form, stakeholders can better
appreciate its role and manage its risks, ensuring its continued utility across multiple sectors.
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