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Introduction

Printed Circuit Boards (PCBs) are the backbone of modern electronics, from smartphones to aerospace systems. 

While many hobbyists and small manufacturers use automated etching machines, a large portion of the industry 

still relies on chemical etching solutions for rapid prototyping and low �volume production. Among the various 

chemicals available, ferric chloridehas become the go �to etchant for copper �clad boards due to its effectiveness,

availability, and ease of use.

In this comprehensive guide, we’ll explore everything you need to know about using ferric chloride as a PCB

etching solution. From the science behind the reaction to safety protocols and troubleshooting tips, you’ll gain the

knowledge to master this essential process.

What Is Ferric Chloride?

Ferric chloride, chemically known as iron(III) chloride (FeCl3), is a white to yellowish solid that dissolves readily in

water to form a clear, slightly acidic solution. In the context of PCB etching, the solution is typically prepared at

concentrations ranging from 30 /% to 60 /% (w/w), depending on the desired etching speed and copper thickness.

•  Chemical Formula: FeCl3

•  Appearance: White crystalline solid; solution is colorless to pale yellow.

•  Solubility: Highly soluble in water ("H 200 /g per 100 /mL at 20 /°C).

•  Acidity: The solution has a pH of approximately 1–2, which aids in the etching reaction.

Why Ferric Chloride Is Preferred for PCB Etching

Several factors make ferric chloride the most popular choice for copper etching:

1.  High Etch Rate: Ferric chloride reacts quickly with copper, providing efficient removal of unwanted copper 

traces.

2.  Availability: It’s widely sold in both laboratory and industrial grades, often in bulk containers.

3.  Cost �Effectiveness: The material cost is low, especially when compared to specialized etchants.

4.  Ease of Preparation: Mixing ferric chloride with water is straightforward, requiring no complex reagents.

5.  Recyclability: With proper neutralization, the solution can be reused multiple times, reducing waste.

How Ferric Chloride Works: The Chemistry Behind Etching

The etching process involves a redox reaction between ferric chloride and copper. The reaction can be summarized

as follows:

Copper oxidation: Cu (s) !’ Cu2+ + 2e-

Ferric reduction: FeCl3 + e- !’ FeCl2 + Cl-

When a copper �clad PCB is submerged in ferric chloride, the copper atoms at the exposed areas lose electrons

(oxidation). The ferric ions (Fe3+) accept these electrons, reducing to ferrous ions (Fe2+) and releasing chloride



ions into the solution. The copper ions form soluble copper chloride complexes that remain in the bath, allowing

continuous removal of copper from the board.

Because the solution is acidic, it also dissolves copper oxide that forms on the surface, ensuring a clean etch. The

overall reaction is:

Cu (s) + 2FeCl3 !’ CuCl2 + 2FeCl2

Advantages of Ferric Chloride Etching

•  Fast Etch Rates: Depending on concentration and temperature, etch rates can reach 0.5 /mm/min or higher.

•  Uniformity: The solution penetrates fine features, producing consistent line widths.

•  Compatibility: Works well with standard 1.6 /mm FR �4 boards and thinner copper layers.

•  Low Equipment Cost: No need for expensive anodic or cathodic etching setups.

Disadvantages and Safety Concerns

While ferric chloride is convenient, it is also corrosive and hazardous if mishandled. Key concerns include:

•  Corrosiveness: Can damage metal tools, plastic containers, and skin.

•  Acidic Nature: Causes burns and eye irritation; requires proper protective equipment.

•  Environmental Impact: Improper disposal can contaminate water sources.

Adhering to safety protocols—using gloves, goggles, and a fume hood—is essential for any etching operation.

Preparing the Ferric Chloride Solution

Choosing the Right Concentration

Concentration determines etch rate and solution life:

•  30 /% solution: Slow etch (~0.25 /mm/min) – suitable for delicate features.

•  45–50 /% solution: Moderate etch (~0.4–0.5 /mm/min) – common in hobbyist labs.

•  60 /% solution: Fast etch (~0.6–0.8 /mm/min) – ideal for high �volume prototyping.

Mixing Procedure

1.  Measure the desired amount of ferric chloride using a scale.

2.  Pour the solid into a well �ventilated, heat �resistant container.

3.  Slowly add distilled or deionized water while stirring continuously.

4.  Continue stirring until the solution is clear and all solid has dissolved.

5.  Allow the bath to rest for 10–15 /minutes to eliminate bubbles.

Temperature Control

Etch rate increases with temperature. Typical operating temperatures are 20–30 °C. Use a temperature �controlled

bath or a simple heating element with a thermostat to maintain consistency. Avoid exceeding 35 °C, as it can

accelerate corrosion and produce hazardous fumes.

pH Adjustment

Ferric chloride solutions are naturally acidic. If you find the solution too aggressive, you can add a small amount of

sodium hydroxide (NaOH) to raise the pH slightly. Conversely, dilute with distilled water if the solution is too weak.

Aim for a pH around 1.5–2.5 for optimal etching.



Equipment Needed for Ferric Chloride Etching

•  Heat �resistant, non �reactive container (polypropylene or stainless steel).

•  Stirring apparatus (magnetic stirrer or mechanical stirrer).

•  Temperature probe and thermostat.

•  Protective gear: nitrile gloves, safety goggles, lab coat, and face shield.

•  Fume hood or well �ventilated area.

•  PCB handling tools: tweezers, tweezers with a small forceps, and a scraper for residue removal.

•  Rinse station: a large container filled with distilled water.

•  Drying station: a tray or a hot air gun for quick drying.

The PCB Etching Process Using Ferric Chloride

Step 1: Design and Printing

Begin with a finalized PCB design in a CAD program. Export the copper layer as a high �contrast image (typically

a .bmp or .png). Print this image onto a transparent film using a high �resolution printer or a laser printer. The printed

pattern will act as the mask.

Step 2: Masking the Board

Place the printed mask onto the copper side of the board. Apply a thin layer of adhesive vinyl or a photo �resist that

will protect the copper where you want to preserve it. Alternatively, use a laser printer to create a toner �based mask

and then bake it onto the board.

Step 3: Submersion

Submerge the masked board in the ferric chloride bath. Ensure the board is fully immersed and that no air pockets

remain. Keep the board at a consistent depth to avoid uneven etching.

Step 4: Timing and Agitation

Typical etch times vary from 5 to 30 minutes depending on concentration, temperature, and copper thickness. Use a

timer to monitor progress. Gentle agitation—either by stirring the bath or by gently rocking the board—promotes

uniform etching and prevents localized corrosion.

Step 5: Rinsing and Drying

After the desired etch depth is achieved, remove the board from the bath and immediately rinse it in a large volume

of distilled water for 5–10 minutes. This stops the etching reaction and removes any residual ferric chloride. Finally,

dry the board using compressed air or a heat gun set to a low temperature.

Troubleshooting Common Etching Issues

Over Etching

Signs: Traces are too narrow or have been entirely removed; copper pads are eroded.

•  Reduce etch time or lower solution concentration.

•  Increase agitation to ensure uniform etching.

•  Check for temperature spikes; maintain a stable 20–30 /°C.

Under Etching

Signs: Copper remains on the board where it should be removed.



•  Increase concentration or temperature.

•  Extend etch time.

•  Verify that the mask is properly sealed; gaps can allow copper to survive.

Residue and Cloudiness

Signs: The solution turns cloudy or leaves a film on the board.

•  Replace the ferric chloride solution after 3–5 uses.

•  Use a filtration system to remove particulates.

•  Ensure proper mixing to avoid undissolved ferric chloride.

Corrosion of Equipment

Signs: Stainless steel tools show pitting; plastic containers degrade.

•  Use only corrosion �resistant materials (polypropylene, PTFE).

•  Limit exposure time of tools in the bath.

•  Rinse and dry equipment immediately after use.

Alternatives to Ferric Chloride

While ferric chloride dominates the market, other etchants can be used depending on specific requirements:

•  Ammonium Persulfate (APS): Non �acidic, less corrosive, but slower etch rates.

•  Hydrogen Peroxide (H2O2)/Acid Mixtures: Effective for thin copper layers, but requires careful handling.

•  Sodium Hydroxide (NaOH): Alkaline etchant, suitable for copper removal but can damage certain PCB 

substrates.

Environmental and Disposal Considerations

Ferric chloride is a hazardous chemical. Improper disposal can lead to heavy metal contamination in water bodies.

Follow these guidelines:
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