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What Is the Tillotson Carb Diagram?

The Tillotson carb diagram is a specialized graphical tool that engineers, metallurgists, and material scientists use

to visualize and analyze the behavior of carbon within steel and other iron �based alloys. It provides a concise, yet

comprehensive, representation of how carbon content, temperature, and phase transformations interact in the

iron �carbon system. By mapping the relationships between these variables, the diagram helps professionals predict

material properties, design heat �treatment schedules, and troubleshoot production issues.

While the term “Tillotson carb diagram” might sound niche, it plays a pivotal role in many industrial processes—

from forging high �strength automotive components to manufacturing aerospace-grade structural members.

Understanding how to read and apply this diagram can dramatically improve product quality, reduce waste, and

streamline production.

Historical Context and Development

Dr. John Tillotson, a prominent metallurgist in the early 20th century, pioneered the systematic study of carbon’s

influence on iron alloys. His groundbreaking research culminated in the creation of a set of diagrams that integrated

thermodynamic data, phase equilibria, and mechanical properties. The most widely used of these is the Tillotson

carb diagram, which became a staple in metallurgy textbooks and industrial guidelines.

Over the decades, the diagram has been refined through improved measurement techniques, computational

modeling, and empirical data collection. Modern versions incorporate advanced phase �field simulations and

high �resolution calorimetry, ensuring that the diagram remains relevant for contemporary alloy design and

manufacturing.

Key Components of the Tillotson Carb Diagram

•  Carbon Content Axis (x �axis): Represents the weight percentage of carbon in the alloy, typically ranging from 

0% (pure iron) up to about 2% (high �carbon steels).

•  Temperature Axis (y �axis): Shows the temperature in degrees Celsius or Kelvin, spanning from room 

temperature to over 1500 /°C, covering the entire solidification and heat �treatment range.

•  Phase Boundaries: Curved lines that separate different microstructural regions (e.g., ferrite, austenite, 

cementite, pearlite). These boundaries indicate the temperatures at which phase transformations occur for a given 

carbon content.

•  Critical Points: Marked points such as the eutectic, peritectic, and solvus lines, which define the limits of 

phase stability.

•  Mechanical Property Zones: Annotated regions that correlate microstructure to tensile strength, hardness, 

and ductility.

Interpreting Phase Boundaries

Phase boundaries are the lifeblood of the diagram. They illustrate how the microstructure of steel shifts as it cools

or heats. For example, the boundary between ferrite (;���—&öâ• and austenite (;2��—&öâ• indicates the temperature above

which the alloy adopts a face �centered cubic lattice, allowing for higher carbon solubility. Below this boundary, the



structure transforms to body �centered cubic ferrite, which can precipitate carbides at higher carbon concentrations.

Reading the Tillotson Carb Diagram

Mastering the diagram involves a systematic approach:

1.  Identify the Alloy Composition: Locate the carbon content on the x �axis. For multi �component alloys, use the 

effective carbon equivalent if necessary.

2.  Determine the Temperature: Find the desired temperature on the y �axis.

3.  Locate the Intersection: The point where the carbon line and temperature line cross indicates the prevailing 

phase.

4.  Consult the Phase Boundary: Check the region above or below the intersection to understand whether the 

alloy is in a single phase, a two �phase mixture, or a complex microstructure.

5.  Apply Mechanical Property Data: Use the annotated zones to infer expected strength, hardness, and ductility.

For instance, if you’re working with a 0.8% carbon steel cooled from 1200 °C, you would find the intersection at

0.8% on the x �axis and 1200 °C on the y �axis. The diagram might show that this point lies within the austenite region.

Subsequent cooling would cross the ferrite–austenite boundary, leading to a mixture of ferrite and pearlite, which

can be predicted by the diagram’s solidification path.

Applications in Industry

The Tillotson carb diagram is indispensable in various sectors:

•  Automotive Engineering: Helps designers choose the right steel grades for engine blocks, transmission 

housings, and chassis components, balancing strength and weight.

•  Aerospace Manufacturing: Assists in selecting high �performance alloys for turbine blades and structural 

frames where precise microstructure control is critical.

•  Tooling and Die Production: Guides the development of wear �resistant steels for cutting tools and molds.

•  Construction Materials: Influences the design of reinforcing bars and structural steels to meet load �bearing 

requirements.

•  : Enables metallurgists to test new alloy compositions and predict their behavior during processing.

Case Study: Optimizing a High �Strength Automotive Transmission Gear

A car manufacturer needed a gear that could withstand high torque while remaining lightweight. Engineers used the

Tillotson carb diagram to identify a 1.2% carbon steel that, after austenitizing at 1250 °C and quenching, would form

a martensitic structure with high hardness. By adjusting the carbon content to 1.1%, they achieved a slightly lower

hardness but improved toughness, as indicated by the diagram’s mechanical property zones. The final gear met all

performance criteria, and the use of the diagram saved the company $250,000 in material and processing costs.

Comparing the Tillotson Carb Diagram with Other Phase Diagrams

While the Tillotson carb diagram focuses on carbon and temperature, other diagrams provide complementary

insights:

•  Iron–Carbon Phase Diagram (Alloy Phase Diagram): A more general representation of iron–carbon systems, 

often used for educational purposes.

•  Jominy End �Quench Test Graphs: Show hardness variation along a quenched sample, useful for verifying 

heat �treatment effectiveness.

•  Thermodynamic Data Tables: Provide precise solubility limits and enthalpy values for carbon in iron.



•  Mechanical Property Charts: Map tensile strength, yield strength, and elongation against microstructural 

composition.

Integrating these resources with the Tillotson carb diagram offers a holistic view of alloy behavior, from composition

to performance.

Practical Tips for Using the Diagram Effectively

1.  Use Digital Tools: Many software packages allow you to overlay your alloy’s composition on the diagram, 

providing instant phase predictions.

2.  Validate with Metallographic Analysis: Complement diagram predictions with optical microscopy or scanning 

electron microscopy to confirm actual microstructures.

3.  Consider Alloying Elements: While the diagram primarily focuses on carbon, elements like manganese, 

silicon, and chromium can shift phase boundaries. Adjust calculations accordingly.

4.  Account for Cooling Rates: Rapid cooling (quenching) can trap metastable phases not predicted by 

equilibrium diagrams. Use the diagram as a baseline and adjust for kinetic effects.

5.  Keep Updated with New Data: Advances in computational thermodynamics (CALPHAD) continuously refine 

phase boundary predictions.

Frequently Asked Questions

•  What is the difference between the Tillotson carb diagram and the standard iron–carbon phase diagram? The 

Tillotson carb diagram is tailored for practical engineering applications, often including mechanical property 

annotations and simplified phase boundaries for quick reference. The standard phase diagram is more detailed and 

theoretical.

•  Can the diagram be used for non �ferrous alloys? No, it’s specifically designed for iron–carbon systems. Other 

diagrams are required for alloys like aluminum �silicon or copper �tin.

•  How accurate is the diagram for predicting microstructures in rapid quench processes? It provides equilibrium 

predictions. For rapid quenching, kinetic factors must be considered, and the diagram should be used as a starting 

point.

•  Is there an online version of the Tillotson carb diagram? Yes, many metallurgy websites host interactive 

versions that allow users to input composition and temperature.

•  Can I use the diagram to estimate hardness? The diagram includes general hardness zones, but precise 

predictions require empirical data or hardness testing.

Conclusion

The Tillotson carb diagram remains an essential tool in the arsenal of metallurgists and materials engineers. By

providing a clear visual representation of how carbon content and temperature dictate phase transformations, the

diagram empowers professionals to design alloys with the right balance of strength, ductility, and toughness.

Whether you’re developing a new automotive component, refining a heat �treatment process, or simply studying steel

metallurgy, mastering the Tillotson carb diagram can lead to better decisions, higher quality products, and more

efficient production workflows.
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