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Specialty steels 

• Maraging steels are low-carbon, high-nickel steels strengthened by 
precipitation hardening rather than carbon martensite. They undergo aging 
treatments that form intermetallic compounds, leading to exceptional 
toughness and strength. Used in aerospace, tooling, and high-performance 
components. 

• Spring Steels: Medium- to high-carbon steels with Si and Mn, providing 
high yield strength and fatigue resistance. 

• HSLA (High-Strength Low-Alloy) Steels: Designed for strength and 
toughness with small additions of Nb, Ti, or V. They are weldable and used 
in structural applications. 

Applications and Summary 

Specialty steels are essential in tools, dies, aerospace, structural, and wear-
resistant applications. Their properties are tailored through careful alloying 
and heat treatment. 

Stainless Steels 
Introduction to Stainless Steels 
Stainless steels are corrosion-resistant alloys primarily composed of iron and 
at least 10.5% chromium. They form a passive oxide film on the surface that 
provides corrosion resistance. Other elements like Ni, Mo, and N are added to 
enhance properties. 

Classification of Stainless Steels 
• Ferritic: BCC, magnetic, not hardenable by heat treatment, e.g., Type 430. 

• Martensitic: BCT, magnetic, hardenable by quenching, e.g., Type 410. 

• Austenitic: FCC, non-magnetic, not hardenable by heat treatment, e.g., Type 
304/316. 

• Duplex: Mixed ferrite and austenite, good strength and corrosion resistance. 

• Precipitation-Hardening (PH): Martensitic or semi-austenitic, strengthened 
by solution treatment + aging, e.g., 17-4PH. 
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Heat Treatment of Stainless Steels 
• Ferritic: Annealed to relieve stress and refine grain size. 

• Martensitic: Austenitized, quenched, and tempered. 

• Austenitic: Solution annealed at ~1050°C, rapidly cooled to prevent carbide 
precipitation. 

•Duplex: Solution treated to balance ferrite and austenite phases; cooled to 
avoid intermetallic phases. 

• Precipitation-Hardening (PH): Solution treated followed by aging to form 
strengthening precipitates (e.g., 17-4PH, 15-5PH). 
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Sensitization and Stabilization 
• Sensitization occurs when austenitic stainless steels are held at 450–850°C, 
forming chromium carbides at grain boundaries. 

• This depletes chromium locally, reducing corrosion resistance. 

• Stabilization involves adding Ti or Nb to form more stable carbides, 
preventing chromium depletion. 
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Corrosion Resistance and Applications 

• Chromium oxide film provides passivation. 

• Mo improves resistance to pitting and crevice corrosion. 

• Applications: medical devices, food processing, aerospace, power plants. 

Industrial Case Study: Intergranular corrosion in stainless steel 

Case: Stainless steel pipes corroded along grain boundaries. 

Cause: Sensitization due to improper heat treatment. 

Lesson: Heat treatment of stainless steels must consider carbide 
precipitation 


