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In the domain of metallurgy and mechanical engineering, few materials command as much versatility and ubiquity
as C45E steel, also scientifically identified by its Werkstoff number 1.1191. This medium-carbon non-alloy steel
serves as the backbone for a vast array of structural and mechanical components, bridging the gap between low-
carbon mild steels and high-alloy tool steels. Engineering professionals often prioritize 1.1191 for its exceptional
response to heat treatment, favorable machinability, and reliable mechanical stability under moderate stress
conditions.

Understanding the Fundamental Metallurgy of 1.1191 (C45E)

To appreciate the industrial value of 1.1191 carbon steel, one must first understand its classification within the EN
10083 standard. Unlike basic C45 (1.0503), the "E" suffix in C45E denotes that the material is produced with a
maximum controlled sulfur content, often intended for quenching and tempering where internal cleanliness is
paramount. This refinement reduces the risk of sulfide inclusions, which can act as stress concentrators during
high-intensity thermal cycles.

The Chemical Matrix

The performance of C45E is dictated by its precise chemical composition. The carbon content, typically ranging
between 0.42% and 0.50%, is the primary determinant of its hardenability. Manganese acts as a secondary
strengthening agent, improving the depth of hardness during quenching. Below is the standard chemical
breakdown for 1.1191:



Element Percentage (%) Metallurgical Function

Carbon (C) 0.42 - 0.50 Primary hardening agent; increases
tensile strength.

Manganese (Mn) 0.50 - 0.80 Improves hardenability and counters
brittleness from sulfur.

Silicon (Si) &le; 0.40 Deoxidizer used during the steel-
making process.

Phosphorus (P) &le; 0.030 Kept low to prevent cold shortness
(brittleness).

Sulfur (S) &le; 0.035 Controlled to ensure structural
integrity during forging.

Chromium (Cr) &le; 0.40 Trace amounts to assist in corrosion

resistance and hardness.

Global Equivalents and Standardization

For procurement officers and design engineers working across international borders, identifying the local
equivalent of 1.1191 is critical. While these materials share similar base chemistries, subtle variations in allowed
impurities exist between European (EN), American (AISI/ASTM), and Japanese (JIS) standards.

¢ AISI 1045: The American equivalent, widely used in the automotive sector.

* JIS S45C: The Japanese standard, common in precision machinery.

* DIN CK45: An older German designation, largely superseded by 1.1191 but still referenced in legacy
blueprints.

* BS En8/080M40: The British equivalent, known for its general-purpose engineering utility.

¢ GB 45: The Chinese standard for high-quality carbon structural steel.

Direct Comparison: 1.1191 vs. 1.0503 (C45E vs. C45)

A common point of confusion in technical specifications is the difference between 1.1191 and 1.0503. While both
are C45 variants, 1.1191 (C45E) is a "quality steel" with stricter limits on phosphorus and sulfur compared to the
"standard steel" 1.0503 (C45). For components subject to dynamic loads or those requiring surface induction
hardening, 1.1191 is the preferred choice to ensure consistency and prevent micro-cracking.

Physical and Mechanical Properties

The mechanical profile of C45E varies significantly depending on its delivery condition: hot rolled (+AR),
normalized (+N), or quenched and tempered (+QT). This adaptability allows engineers to select a state that
balances workability with final strength requirements.

Typical Mechanical Values (Normalized Condition)



Property Value (Metric) Value (Imperial)

Tensile Strength 570 - 700 MPa 82,700 - 101,500 psi
Yield Strength &ge; 340 MPa &ge; 49,300 psi
Elongation at Break 14 -17% 14 -17%

Brinell Hardness (HB) 170 - 210 170 - 210

Modulus of Elasticity 210 GPa 30,458 ksi

Heat Treatment Procedures for C45E (1.1191)

Heat treatment is where 1.1191 truly excels. By manipulating the cooling rates from the austenitic phase, the
microstructure can be transformed from soft pearlite/ferrite to hard martensite.

1. Normalizing

The steel is heated to a temperature between 840&deg;C and 880&deg;C, held until the temperature is uniform
throughout the section, and then cooled in still air. This process refines the grain structure and ensures a uniform
distribution of carbides, which is essential for improving machinability and preparing the material for subsequent
hardening.

2. Hardening (Quenching)

To achieve maximum hardness, C45E is heated to 820&deg;C - 860&deg;C. The quenching medium is typically
water or oil. Because C45E is a plain carbon steel, its hardenability is limited; therefore, it is often used for parts
with smaller cross-sections (typically under 60mm) to ensure through-hardening. For larger sections, only the
surface layer will reach full hardness.

3. Tempering

After quenching, the steel is in a brittle martensitic state. Tempering involves reheating the steel to 550&deg;C -
660&deg;Cto restore toughness and ductility. The exact temperature is chosen based on the desired final
hardness and tensile strength. For instance, higher tempering temperatures result in higher ductility but lower
hardness.

Processing and Fabrication Insights

Manufacturing with 1.1191 requires an understanding of its behavioral response to mechanical deformation and
thermal inputs.

Machinability

1.1191 is recognized as having excellent machinabilityin the normalized or hot-rolled condition. It is frequently
used as the baseline (100% rating) against which other steels are measured for ease of turning, milling, and
drilling. High-speed steel (HSS) or carbide tooling can be used effectively, provided that appropriate cutting speeds
and feeds are maintained to prevent work hardening.

Weldability

Due to its moderate carbon content, the weldability of C45E is considered limited. There is a significant risk of cold



cracking in the heat-affected zone (HAZ) due to the formation of brittle martensite upon rapid cooling. To mitigate
this, the following steps are recommended:

1. Preheating: Heat the component to 200&deg;C - 300&deg;C before welding.

2. Low-Hydrogen Electrodes: Use consumables that minimize hydrogen embrittlement.

3. Post-Weld Heat Treatment (PWHT): Perform stress-relieving or tempering immediately after welding to soften
the HAZ.

Supply Forms and Dimensional Tolerances

As indicated in technical data sheets, C45E is available in various semi-finished forms to accommodate different
manufacturing scales. The choice between hot-rolled and forged products often depends on the required cross-
sectional density and final dimensions.

* Hot Rolled Round Bars: Typically available in diameters from &Phi;16mm to &Phi;350mm. These are cost-
effective for high-volume production.

* Hot Forged Round Bars: Used for larger dimensions ranging from &Phi;80mm to &Phi;1000mm. Forging
improves the internal grain flow and eliminates porosity.

e Square and Flat Bars: Available in various widths and thicknesses for structural frames and base plates.

* Hollow Sections and Plates: Used for heavy-duty industrial machinery components.

Industrial Applications of C45E/1.1191

The balance of strength and toughness makes 1.1191 the material of choice for components subjected to
moderate wear and fatigue. Its ability to be induction-hardened makes it particularly valuable for parts requiring a
hard surface and a tough core.

1. Automotive and Transportation

In the automotive sector, C45E is used for crankshafts, connecting rods, and axles. These components require
the high fatigue strength that 1.1191 provides after proper quenching and tempering.

2. General Machinery

For industrial gearboxes and transmission systems, 1.1191 is utilized for gears, pinions, and splined shafts. The
material can withstand the torsional stresses and shock loads inherent in heavy machinery operation.

3. Fasteners and Tooling

High-strength bolts, studs, and nuts are often fabricated from 1.1191. Additionally, it serves as a substrate for hand
tools like hammers, wrenches, and levers, where localized hardening of the working face is required.

Technical Analysis: Quench Cracking and Prevention

A significant challenge when working with 1.1191 is the phenomenon of quench cracking. Because the material
requires a rapid cooling rate (often in water) to transform into martensite, the resulting thermal and transformational
stresses can exceed the material's yield strength, leading to macroscopic cracks.

Root Causes:

» Sharp Corners: Design features with small radii create stress concentrations.

¢ Overheating: Exceeding the recommended austenitizing temperature leads to grain coarsening, which
reduces toughness.

* Delayed Tempering: Leaving a part in the quenched state for too long before tempering allows internal



stresses to manifest as cracks.

Engineering Solutions:

To prevent these failures, engineers should implement interrupted quenching(moving from water to oil or air
once the part reaches ~200&deg;C) or utilize polymer quenchants that provide a more controlled cooling rate than
pure water. Furthermore, ensuring a radius on all internal corners significantly improves the structural survival rate
during heat treatment.

Case Study: Surface Hardening of 1.1191 Drive Shafts

In a recent industrial evaluation, a manufacturer of conveyor systems transitioned from 1.0503 to 1.1191 for their
primary drive shafts. The objective was to increase the service life of the splined ends which were prone to wear.

The Process: The shafts were first normalized to ensure a consistent core. After machining, the splined sections
underwent induction hardeningat a frequency of 10 kHz, followed by a low-temperature temper at 180&deg;C.
This resulted in a surface hardness of 55-58 HRC while maintaining a core toughness of 200 HB.

The Result:The component showed a 40% increase in wear resistance and a 15% improvement in torsional
fatigue life compared to the previous standard carbon steel, demonstrating the economic and technical benefits of
selecting the "E" grade variant 1.1191.

Comparative Evaluation: 1.1191 vs. Alloy Steels

When should an engineer choose 1.1191 over a low-alloy steel like 4140 (1.7225)? The decision-making process
typically involves a trade-off between cost and performance.



Feature C45E (1.1191) 4140 (1.7225)

Cost Lower; economical for bulk use. Higher; contains Cr and Mo.
Hardenability Low; limited to small sections. High; deep-hardening capabilities.
Toughness Moderate. High, especially at low temperatures.
Machinability Excellent. Good, but requires more power.

For applications where through-hardening of thick sections (e.g., &gt;100mm) is necessary, 4140 is superior.
However, for the vast majority of medium-duty mechanical components, 1.1191provides the most cost-effective
performance profile.

Summary of Strategic Engineering Value

The technical profile of 1.1191 (C45E) confirms its status as a foundational material in modern engineering. Its
predictable response to thermal processing, combined with its favorable mechanical properties and widespread
availability, makes it indispensable for developing reliable industrial components. By adhering to strict heat
treatment protocols and understanding the limitations of its weldability and hardenability, engineers can leverage
this steel to achieve a balance of longevity and cost-efficiency. As global manufacturing standards continue to
evolve, the refined chemistry of C45E ensures it remains a top-tier choice for high-quality engineering applications
across the automotive, agricultural, and power generation sectors.
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