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Transition Metals



Transition elements (also known as transition metals) are elements that have partially filled d 
orbitals. IUPAC defines transition elements as an element having a d subshell that is partially 
filled with electrons, or an element that has the ability to form stable cations with an 
incompletely filled d orbital.





Transition metal ions are usually colored





Group 6: Chromium

Chromium Isolation

Cr is largely used in making stainless steel and other alloys.
Cr is also used in Cr plating which does not tarnish by Sulphur compounds
in the atmosphere

Cr is extracted from chromite via Cr2O3. The main steps are as follows:
(i) Aerial oxidation of chromite

(ii) Formation of sodium dichromate

(iii) Reduction of Cr(VI) to Cr(III)

(iv) Reduction to metallic chromium by aluminothermy



Chromium ions: Color & Conversion between each other





Preparation of K2Cr2O7





K2Cr2O7: As Oxidising agent



Chromyl Chloride, CrO2Cl2

It is most important oxohalides of chromium (VI). It is formed when an ionic 
chloride is heated with potassium dichromate and concentrated H2SO4:



Sodium Chromate, K2CrO4

Potassium chromate, K2CrO4 is obtained by adding K2CO3 (orKOH) to K2Cr2O7.
K2Cr2O7 + K2CO3 = 2K2CrO4 + CO2

Chrome Alum

Chrome alum, K2SO4.Cr2(SO4)3.24H2O may be obtained as deep purple octahedral 
crystal from mixed solution of the violet chromium (III) sulphate and potassium 
sulfate. It is generally prepared by reducing potassium dichromate in acidic solution 
with SO2 (until the color changes to green)

Uses: Chrome alum is used as a mordant in dyeing and in ‘tanning’ of leather.

Use:  It is used to make pigments for paints and inks, other chemicals, and as 
a wood preservative



Some  carbonyl compound structure of Fe & Co



Sodium Nitroprusside: Use & Preparation

Prussian Blue formation& Test of presence of special element ‘N’ in organic Compound



Ferrocene
Reaction:

Preparation:

Use: 
Ferrocene and its derivatives are 
antiknock agents used in the fuel 
for petrol engines. They are safer 
than previously used 
tetraethyllead



Principle of Isolation of Ni

Slag
discharge





Composition and Uses of Alloys



Steels
Steels is essentially a refined alloy with respect to the elements which accompany the crude iron
From blast furnace, especially C, S and P. It is often alloyed with other metals to impact desired 
Properties. Steel making thus consists essential refining a cast iron followed by the addition of 
alloying element.
Steel is an alloy of iron having varying carbon percentage. When the carbon percentage in iron is 
less than 2% it is termed as steel and more than 2% but less than 6% it is called cast iron.
Steel is an alloy of iron and carbon with other elements or interstitial solid solution of carbon in 
iron. Theoretically, steel has a maximum of 2.11% carbon but in practice, the amount of carbon 
rarely exceeds 0.8%

All steel production processes consists of the
same general principle.
(i) Removal of C, S and P from pig-iron by
oxidation. Mn and Si also form oxides which
combine With lime added to form slag.

(ii) Separation of slag followed by addition 
of requisite quantities of deoxidiser and
Other alloying elements.

Use: Iron is principally used as a structural. Mild steel is most widely used. Machine parts, tools,
And materials are made of various kinds of alloy steels.



Charge (Ore + lime + Coke)

Molten Iron

Blast Furnace



Types of steel
Steel which an alloy of iron can be classified based on carbon percentage and other alloying 
elements to improve the strength of steel.
Carbon steel: Carbon steel is a type of steel based on carbon percentage(%) it contains.
Low carbon steel (carbon % below 0.25): Has good formability, weld ability, low strength and 
low cost. Applications in deep drawing, chain, pipe, wire and making nails.
Medium carbon steel (carbon % in between 0.25 and 0.55): Has good toughness, ductility, 
relatively good strength and may be hardened by quenching. Applications in rolls, axles, 
screws, cylinders and crankshafts etc.
High carbon steel (carbon % higher than 0.55): Has high strength and hardness, wear-
resistance and moderate ductility. Application in rolling mills, rope wire, screwdrivers, 
hammers, wrenches, bands saws etc.

Alloy steels: Alloy steel contains different alloying elements like manganese, cobalt, titanium, 
silicon, nickel, copper, aluminium, chromium etc. Alloy steels are widely used in the auto 
industry, power industry, transformers and piping industry.

Stainless steel: One of the most used steels in household items is stainless steel. Steel having 
10% to 20% chromium makes steel stain free. There are three types of stainless steels 
namely austenitic, martensitic and Ferritic. Major applications of stainless steel are kitchen 
utensils, surgical items, dental equipment etc.

Tool steel: Tool steel contains tungsten, cobalt, molybdenum, vanadium as alloying elements. 
Tool steel applications include bars, sheets, strips, valve fittings, flanges, packaging items etc.



Sl
No.

Alloy Steel Composition

1 Stainless Steel Chromium (10-20%)

2 Nickel Steel Nickel (~3.5%)

3 Invar Steel Nickel (30-40%)

4 Vanadium Steel Vanadium (0.1-2%)

5 Tungsten Steel Tungsten  (14-20%)

6 Manganese Steel Manganese (12-15%)

7 Molybdenum Steel Molybdenum (0.2-0.3%)

Alloy Steel and Composition



Rusting of Iron

Rusting of iron is the most important types of atmospheric corrosion. It is well known that a 
freshly cleaned surface of iron soon get covered with a brown layer of hydrated iron (III) oxide,
Commonly known as rust. Both oxygen and water are necessary for rust formation, but other
factors influence the rate of rusting considerably. These include impurities or stress on the iron 
Surface, availability of dissolved oxygen and electrolytes in contact with the iron surface.

As the humidity exceeds about 80 percent, the rate of corrosion becomes rapid  with the 
formation of common red rust.



Galvanization is a process used for the protection of steel or iron from rusting. In this process, a 
protective zinc coating is applied on the iron surface. The most common method of galvanizing 
is to hot dip the metal in a bath of molten zinc.
Zinc is more reactive metal than iron, hence it reacts with oxygen to form a protective oxide 
layer, which prevents inner iron from getting in contact with oxygen.

Galvanization

Having a metal galvanized provides it with anti-corrosion properties. Without using protective 
zinc coating, metal would be remain exposed to the different elements and oxidize as well as 
corrode quickly. As a matter of fact, galvanized steel can prove to be cost effective solution when 
compared to using materials like aluminum or austenitic stainless steel for preventing corrosion.



Zinc Plating
Principle



Surface preparation before coating mainly is:

Zinc Plating has the following types of electrolyte

Post-Treatment

▪Chemical Cleaning
▪Acid pickling
▪Rinse
▪Anodic electrocleaning
▪Rinse
▪Acid activation (not used for acid zinc plating)

▪Acid zinc plating
▪Alkaline Zinc Plating
▪Alkaline Cyanide

▪Rinse
▪Baking (for high tensile bolts> 10.9
▪Passivation (optional)
▪Rinse
▪Top-coats, lubrication (optional)

Zinc Plating





Principles of Isolation of Ag and Au

Extraction of Au and Ag involves leaching with metal CN-. This is also an oxidation reaction 
(Ag→Ag+ or Au →Au+). The metal later recovered by displacement method.

4Au(s) + 8CN-(aq) + 2H2O + O2(g) → 4 [Au(CN)2]-(aq) + 4OH-(aq)
4 [Au(CN)2]-(aq) + Zn(s) → 2Au(s) + [Zn(CN)4]2-(aq)

In this reaction Zn acts as a reducing agent.
Next refining of crude metal is done to get pure metal by electro refining method.

In this method, impure metal acts as anode while
the cathode is a rod or sheet of pure metal. The
electrolyte solution consists of soluble salt of the
metal. On passing electricity pure metal get
deposited on the cathod while the insoluble
impurities are settle down below anode as anode
mud or anode sludge
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