4.3.14 Alloy
Formation

Characteristics, Mechanisms, and
Properties of Transition Metal Alloys

{Target Audience: Class 12 / Competitive Exams)




What is an Alloy? A

A homogeneous solid solutions of mixed metals. TopAll
Definition: Mixed Lattice Structure
An alloy is a blend of metals
prepared by mixing the components. Panel A: Pure Metal Panel B: Alloy

Transition metals typically form
homogeneous solid solutions.

Mechanism:

Atoms of one metal are

distributed randomly among the atoms of
the other within the crystal lattice.
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Key Insight: Because transition elements
have highly similar properties, they
readily form these stable mixtures.
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The 15% Rule 7o

The primary condition for substitutional alloy formation.
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The d-Block Advantage

Transition metals experience a slow, gradual
change in atomic radii across a series (due
to imperfect shielding of d-electrons).
Therefore, radii of adjacent d-block metals
easily fall within the 15% limit.
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Ferrous Alloys 4

Iron as the foundation for high-strength materials.

Result:
Stainless &
Specialty
Steels

Mechanism: These d-block metals seamlessly substitute into the iron lattice, distorting
it just enough to prevent planes of atoms from sliding over one another.



Non-Ferrous Alloys Vo

Combining transition metals with non-transition metals.

Alloys can also form between transition metals and non-transition elements, fundamentally
shaping human history (e.g., The Bronze Age).
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Applications Across the Blocks A

TopAll
From construction materials to lighter flints.

d-Block Industry f-Block Highlight: Mischmetall
Ferrous alloys (steels) are the _QEo :
backbone of global construction. 99% Lanth_la_n01d metal
~5% Iron (Fe)
+

Traces (S, C, Ca, Al)
UK 'silver' coins are a

Did you ) Cu/Ni alloy; ‘copper Uses:
know? gg;r];(jlg:;lipper' Mixed in Mg-based alloys to produce
| bullets, shells, and lighter flints.



Why Create Alloys? L

TopAll
Blending metals yields superior physical properties.
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Increased Hardness High Melting Points Enhanced Resistance
Alloys are significantly harder Transition metal alloys often Greatly increased resistance to
than their pure component retain or exceed the high melting corrosion and oxidation (e.g.,

metals. points of their constituents. Chromium in stainless steel).
State 1: Pure Metal State 2: Alloyed Metal
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Concept Summary & Exam Tip L

Everything you need to know for the exam.

TopAll

Concept Key Detail Example

Structure Homogeneous solid solution Pure metal lattice with substituted atoms
Condition Atomic radii within ~15% 3d, 4d, 5d series elements

Ferrous Iron-based transition alloys Steel (Fe + Cr/V/Mo/W/Mn)

Non-Ferrous Cquased alloys Brass (Cu-Zn), Bronze (Cu-Sn)
Lanthanoid Mischmetall 95% Ln, 5% Fe (lighter flints)

transition metals form alloys easily. The answer is their highly similar atomic sizes

Q NEET/JEE Tip: Always remember the 15% radii rule! Questions frequently test why
: across a period.
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