
Titanium (titans = first sons of Mother Earth) 
 
● More abundant than N, Cl, C, P, F, … (10th place in abundance) 

however: due to the wide distribution, Ti rarely occurs at higher concentrations 
 
● Ores:  FeTiO3 (ilmenite)   USA, Canada 
  CaTiO3 (perovskite) 
  TiO2 (most commonly: rutile) 
 
Preparation: 250 ktons annually 
Ti cannot be prepared directly by reduction of ores with carbon/coke (formation of TiC) 
and in the presence of air (TiN)! 
 
Kroll process: 
 
1. TiO2 + 2 C + 2 Cl2             TiCl4 + 2 CO 
 
2. TiCl4 + 2 Mg          Tisponge + 2 MgCl2 (l)    H = -480 kJ/mol T = 1000°C (Ar/He) 
 
3. Distillation to remove MgCl2 and Mg in vacuo 1



Footage from 1923 
(hiding of a ship by a 
smoke curtain)

 TiCl4 is produced on a large scale (as about 90% of it is used to produce TiO2).

 TiCl4 is one of the most fuming liquids. It’s hydrolysis on air generates: 
 HCl that readily picks up water in the air to form aerosols
 Fine particles of TiO2 and TiOCl2

 Due to these properties, TiCl4 has been used as a military smoke/obscurant.
 It was used in WWII to generate vertical smoke curtains (to hide naval 

vessels)
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Purification: van Arkel / de Boer 
 
Overall reaction:  TiI4          Ti + 2 I2 H = 376 kJ/mol 
 
Ti powder + small amount of I2 are heated to 500°C in evacuated chamber to form TiI4. 
TiI4 decomposes on the hotter tungsten filament in the chamber (T = 1200°C). 
 
Note: Halogen lamps operate according to the same principle (Transport processes)! 

Oxidation states of titanium: +4, +3, (+2)
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Properties:
 Resistant to corrosion (air, water) because of passivation (protective layer of TiO)
 Strong and low weight
 High melting point
 Good heat conductor
 Non-allergenic

Applications:
 Used in alloys, Ti steel (train wheels, jet 

engines, tools, rockets, razor blades)
 Medicine: pins for broken bones, artificial 

hip joints, dental implants
 Jewelry, cooking ware, …

 Prepared by oxidation of TiCl4: TiCl4 + O2 → TiO2 + 2 Cl2 (recycling of Cl2!)
 Used in white pigments (4 Mt/a) for paints, plastics, paper, inks, medicines, 

toothpaste, skimmed milk (increases opacity and makes it brighter)
 Silica- and alumina-coated TiO2 nanoparticles are used as sunscreens (UVA/B filters)
 Used in self-cleaning glass

TiO2

4



Vanadium (Freya/Vanadis = Nordic goddess of beauty) 
 
● Ores:  VS4 (patronite)     Peru 
  → Also found in petroleum from Venezuela 
   
Preparation:  
 
1. By reduction of V2O5 with Al or Ca 
 
2. Or: in a process similar to the Kroll process: V-containing ore         VCl3      V 
 
Purification: van Arkel / de Boer method (via VI3) 
 
 
Applications: 
Ferrovanadium (ca. 50 % V) used in vanadium steels (tough, hard, heat- and shock-
resistant); Ti/Al/V alloys for jet engines and high-speed aircraft; V2O5 in ceramics and 
for the production of H2SO4  
 
Oxidation states: V, IV, III, II 
 
In solution:  VO2

+   VO2+  V3+  V2+ 
        Pale-yellow           blue           green             violet 

*Tool (drill and router bits, pliers) and high-speed steel: harder than Ti steel

*

Some emeralds 
contain V3+
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Chromium (chroma = colour) 
 
Main ore:  FeCr2O4 (chromite) 
 
Preparation:  
 
1. Chemical method: 
 
a) removal of Fe(II) by oxidation to insoluble Fe2O3: 
 

Cr2O3 + 3/2 O2 + 2 Na2CO3  2 Na2CrO4 + 2 CO2 
 
b) condensation to dichromate: 
 

2 Na2CrO4 + H2SO4  Na2Cr2O7 + H2O + Na2SO4 
 
c) reduction of Na2Cr2O7 to Cr2O3 with coke or sulfur or NH4Cl: 
 
 2 Na2Cr2O7 + 3 C  2 Cr2O3 + 2 Na2CO3 + CO2 
 Na2Cr2O7 + 1/8 S8  Cr2O3 + Na2SO4  
 Na2Cr2O7 + 2 NH4Cl   Cr2O3 + 2 NaCl + 4 H2O + N2 
 
d) reduction of Cr2O3 with Al or carbon: 
 

Cr2O3 + 2 Al or 3 C  2 Cr + Al2O3 or 3 CO 
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2. Electrochemical preparation: 
Electrolysis of Cr(III) salts or ferrochromium in sulfuric acid. 

 
 
Purification: van Arkel / de Boer method (via CrI2) 
 
Applications: 
Combined with Fe: ferrochromium (ca. 60 % Cr), used in stainless steel (> 11% Cr) 
 
Oxidation states: VI, (V), (IV), III, (II) 
 
 
Chromates: 
● Used as oxidizing agents in industrial applications 
● Pigments: e.g. PbCrO4 (yellow)  
● Used in corrosion preventing pigments and paints: e.g. ZnCrO4 
● ‘Volcano’ demonstration: thermal decomposition of (NH4)2Cr2O7 to Cr2O3 
 
Cr2O3: 
● Green pigment 
● Synthetic Rubies (Cr2O3/Al2O3) -> LASER 
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How the ruby laser works

TS diagram for a d3 ion
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Components of a ruby laser
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Manganese

 13th most abundant element in the earth’s crust (3rd of the TMs after Fe and Ti)

 Abundant as manganese oxides (e.g., brownstone/pyrolusite → MoO1.7-2.0), and 
manganese nodules (oxide colloids) on the ocean floor
 Because of its dark-gray appearance, manganese oxides were originally confused 

with magnetite (Fe3O4) → hence, the word stem of manganese
 After its discovery (1774), Mn was named manganesium (later renamed)

 Production (>10 Mt/a):
 Mn cannot be prepared by reduction of oxides with carbon (carbide formation)
 Industrial method: Electrolytic reduction of MnSO4

 Applications:
 Alloys (in steel, copper, nickel production) – used as deoxidizing agents
 Additive in steel to increase hardness
 Manganin (84% Cu, 12% Mn, 4% Ni): its electrical resistance is T-independent 

(use in electrical instruments)
 Pigments (Mn oxides are among the oldest known pigments → cave paintings)
 Other uses: Mn2+ salts (in soaps), magnets, KMnO4 (strong oxidant), …

manganese 
nodule 

brownstone
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