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Introduction

Dry ice is the frozen form of carbon dioxide (CO ,), known for its dramatic fog effects, powerful cooling properties,

and wide range of industrial and entertainment uses. Whether you're a science teacher looking to demonstrate
sublimation, a bartender wanting to chill cocktails without dilution, or a film crew needing realistic fog, dry ice can

be an indispensable tool. But what if you need a fresh batch on demand and can'’t rely on a commercial supplier?
Understanding how to make dry iceinvolves a blend of chemistry, physics, and safety protocols. This guide will
walk you through the science behind dry ice, the equipment you'll need, step by step methods for small scale
production, and best practices for handling and disposing of this potent cryogenic material. By the end, you'll have

a clear roadmap for producing dry ice safely and responsibly, whether for a classroom demonstration or a small
business.

What Is Dry Ice?

Dry ice is the solid form of carbon dioxide, a colorless, odorless gas that exists at room temperature as a vapor.

When CO, is cooled below —78.5 °C (-109.3 °F) under sufficient pressure, it condenses into a liquid and, upon
further cooling, solidifies into a crystalline substance that sublimates directly into gas. Unlike ordinary ice, which

melts into liquid water, dry ice bypasses the liquid phase entirely, making it a unique cooling agent and a popular

choice for creating atmospheric fog.

The Science Behind Sublimation

Sublimation is the process by which a solid turns directly into a gas without passing through a liquid state. For dry
ice, the transition occurs at atmospheric pressure when its temperature rises above —78.5 °C. The resulting CO , gas
expands rapidly, creating that characteristic white vapor. This property is what makes dry ice ideal for applications
that require rapid cooling without leaving liquid residue.

Key Properties of Dry Ice
e Temperature: —78.5 /°C (—109.3 /°F)
e Density: 1.56 /g/cm3 (solid)
¢ Boiling point of liquid CO ,: -78.5 /°C
e Typical uses: refrigeration, fog machines, scientific demonstrations, food preservation, and industrial cleaning.

Why Consider Making Dry Ice Yourself?

Commercial dry ice can be expensive, especially for small-scale operations or educational projects. By learning
how to produce your own batch, you gain control over supply, reduce costs, and can tailor the quantity to your exact
needs. However, producing dry ice at home is not a simple DIY project; it requires specialized equipment and strict
adherence to safety protocols. The following sections will guide you through the essential steps, equipment, and
precautions involved in dry ice production.

Legal and Safety Considerations



Before you dive into the technical details, it's crucial to understand the legal and safety framework surrounding dry

ice production. In many jurisdictions, the sale, possession, and handling of CO, cylinders are regulated, and there
are strict guidelines for cryogenic materials. Always check local regulations and obtain any necessary permits or

certifications before attempting to produce dry ice.

Regulatory Compliance

In the United States, the Occupational Safety and Health Administration (OSHA) and the Department of

Transportation (DOT) set guidelines for handling compressed gases. Commercial dry ice production typically falls
under the Hazardous Materials Transportation Act and requires proper labeling and containment. For small scale
production, you'll need to follow the American National Standards Institute (ANSI) guidelines for cryogenic safety.

Safety First: Personal Protective Equipment (PPE)
¢ Gloves: Double layers of cryogenic gloves to prevent frostbite.
» Eye protection: Safety goggles or face shield to guard against splashes.
¢ Protective clothing: Long sleeves, pants, and a lab coat to reduce skin exposure.
¢ Ventilation: A well ventilated area or fume hood to dissipate CO, gas.
Common Hazards

¢ Cold burns: Contact with dry ice can cause severe frostbite.
¢ Asphyxiation: CO , gas can displace oxygen in confined spaces.
e Pressure build up: Improper handling can lead to container rupture.

Essential Equipment for Dry Ice Production

Producing dry ice safely requires more than just a CO , cylinder. Below is a list of the core components you'll need,
along with a brief description of each.

1. Carbon Dioxide Cylinder

The primary source of CO,. Cylinders should be rated for high pressure (typically 2000-2500 psi) and have a
pressure regulator.

2. Pressure Regulator and Flow Control Valve

These devices allow you to precisely control the amount of gas released and the pressure at which it is vented.

3. Heat Exchanger or Cold Bath

Used to cool the CO, gas to the sublimation temperature. Options include a liquid nitrogen bath, a refrigerated
circulator, or a simple ice water mixture for smaller setups.

4. Cryogenic Container

A sturdy, insulated vessel designed to hold solid CO,. Stainless steel or aluminum containers with double wall
insulation are common choices.

5. Thermometer and Pressure Gauge

Monitoring temperature and pressure ensures that conditions remain within safe limits.

6. Safety Equipment

¢ Gloves, goggles, face shield, lab coat.
* Ventilation system or fume hood.
e Emergency shut off valve.



Step by Step Guide: How to Make Dry Ice

Below is a detailed, step by step protocol for small scale dry ice production. This method is suitable for educational
demonstrations or low volume commercial use. For larger production, industrial machinery and a more complex
setup are required.

Step 1: Prepare the Workspace

Choose a well ventilated area, preferably outdoors or in a dedicated lab with a fume hood. Set up a sturdy
workbench and ensure all safety equipment is within reach. Mark a clear work zone and post hazard signs.

Step 2: Inspect the CO, Cylinder

Check the cylinder for any visible damage, corrosion, or leaks. Verify that the pressure gauge reads within the
expected range (typically 2000-2500 psi). If the cylinder shows any signs of wear, discard it and replace with a new
one.

Step 3: Attach the Pressure Regulator

Securely attach the pressure regulator to the cylinder’s valve. Ensure all connections are tight to prevent gas leaks.
Set the regulator to a moderate pressure (around 100-150 psi) to start. This pressure is high enough to produce
liquid CO , but low enough to avoid sudden pressure spikes.

Step 4: Set Up the Heat Exchanger

If using a liquid nitrogen bath, fill the bath with liquid nitrogen and allow it to stabilize at —196 °C. For a simpler
setup, a refrigerated circulator can be used to maintain a temperature close to —80 °C. Place the cryogenic
container in the bath or circulator and allow it to pre cool.

Step 5: Initiate CO, Flow

Open the flow control valve slowly to allow CO , gas to escape from the cylinder. The gas will condense into liquid as
it passes through the heat exchanger, then freeze into solid CO , upon contact with the cold container. Monitor the
temperature with a thermometer; when it drops to —78.5 /°C, solidification will begin.

Step 6: Collect the Dry Ice

As the CO, solidifies, it will accumulate in the container. Use a cryogenic scoop or a pre cooled tongs to handle the
dry ice. Place the solid blocks into a secondary insulated container to maintain temperature and prevent
sublimation.

Step 7: Monitor and Adjust

Throughout the process, keep an eye on the pressure gauge and temperature. If

Tags: #make



Page 1 of 3



Page 2 of 3



Page 3 of 3



