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CHAPTER 1

Atomic Structure, Chemical Bonding, and So-
lutions

1.1 Atomic Structure and Electronic Configuration

Methodology:

How to write the electronic configuration of an atom or ion To find the electronic configuration of an atom
or ion up to atomic number (Z) 30, follow these steps:

1. Determine the number of electrons: For a neutral atom, the number of electrons equals the
atomic number (Z). For a cation (positive ion), subtract the charge from Z. For an anion (negative
ion), add the charge to Z.

2. Follow the Aufbau Principle: Fill electrons in orbitals in increasing order of energy. The sequence
is: 1s → 2s → 2p → 3s → 3p → 4s → 3d.

3. Apply Pauli’s Exclusion Principle: Place a maximum of 2 electrons in each s-orbital, 6 in
p-orbitals, and 10 in d-orbitals.

4. Use Hund’s Rule for degenerate orbitals: For p and d sublevels, place one electron in each
degenerate orbital (like px, py, pz) before pairing them.

5. Handle Exceptions (Cr and Cu): Chromium (Z = 24) is [Ar]4s13d5 and Copper (Z = 29) is
[Ar]4s13d10 due to the stability of half-filled and fully-filled d-orbitals.

6. For transition metal cations: Remove electrons from the outermost shell (highest principal quantum
number, e.g., 4s) before removing from the 3d subshell.

Worked Example:

Electronic Configuration of Iron and its Ion Write the electronic configuration for a neutral Iron atom (Fe,
Z = 26) and the Iron(II) ion (Fe2+).
Step 1: Neutral Atom (Fe) Number of electrons = 26. Following the Aufbau sequence: - 1s gets 2
electrons → 1s2 (2 used, 24 left) - 2s gets 2 electrons → 2s2 (4 used, 22 left) - 2p gets 6 electrons → 2p6 (10
used, 16 left) - 3s gets 2 electrons → 3s2 (12 used, 14 left) - 3p gets 6 electrons → 3p6 (18 used, 8 left) - 4s
gets 2 electrons → 4s2 (20 used, 6 left) - 3d gets 6 electrons → 3d6 (26 used, 0 left) Configuration for Fe:
1s22s22p63s23p64s23d6 or [Ar]4s23d6.
Step 2: Iron(II) Ion (Fe2+) Number of electrons = 26 − 2 = 24. When forming transition metal cations,
remove electrons from the highest principal quantum level first (4s before 3d). Remove the two 4s electrons.
Configuration for Fe2+: 1s22s22p63s23p63d6 or [Ar]3d6.
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Chemical Bonding 2

Worked Example:

Electronic Configuration of an Exception (Copper) Write the electronic configuration for Copper (Cu,
Z = 29).
Step 1: Determine electrons Number of electrons = 29.
Step 2: Apply standard rules and adjust for stability Expected configuration: [Ar]4s23d9. Because
a fully-filled d-subshell (d10) is significantly more stable, one electron shifts from the 4s orbital to the 3d
orbital. Correct configuration for Cu: [Ar]4s13d10.

1.2 Chemical Bonding

Methodology:

How to identify bond types and draw Lewis structures To solve problems asking for bond types and molecular
structures:

1. Identify the Bond Type:

• Ionic Bond: Metal + Non-metal (e.g., NaCl, MgO). Involves complete transfer of electrons.
• Covalent Bond: Non-metal + Non-metal (e.g., H2O, CH4). Involves sharing of valence electrons.
• Coordinate Covalent Bond: Occurs when one atom donates both shared electrons (e.g., NH+

4 ,
H3O+). Look for an ion formed by a neutral molecule gaining an H+.

2. Determine Valence Electrons: Find the group number of each element to know its valence electrons
(e.g., N=5, O=6, H=1, Cl=7). Add or subtract electrons for overall ion charge.

3. Draw the Structure:

• For Ionic: Show the metal with a positive charge and no dots, and the non-metal with a negative
charge and full octet (8 dots) in brackets.

• For Covalent/Coordinate: Place the least electronegative atom in the center (except Hydrogen).
Connect atoms with single bonds (2 electrons). Distribute remaining electrons as lone pairs to
satisfy the octet rule (duet for H). If central atom lacks an octet, form double/triple bonds.

Worked Example:

Structure of Sodium Chloride (NaCl) and Water (H2O) Identify the bond type and represent the formation
of NaCl and H2O.
1. Sodium Chloride (NaCl): - Elements: Na (Metal, Group 1), Cl (Non-metal, Group 17). - Bond
Type: Ionic. - Valence electrons: Na has 1, Cl has 7. - Formation: Na transfers 1 electron to Cl. Na
→ Na+ + e− Cl + e− → Cl− Structure: [Na]+ [: C̈l :]−
Example 2: Formation of Water (H2O)

• Oxygen needs two electrons to complete its octet. Two hydrogen atoms each share their single electron
with oxygen.

• Lewis Structure: H–Ö–H (with 2 lone pairs on O)

Worked Example:

Identifying Coordinate Bonds (Ammonium Ion, NH+
4 ) Explain the bonding in the ammonium ion (NH+

4 ).
Step 1: Identify components. Ammonia (NH3) reacts with a Hydrogen ion (H+). NH3 is a covalent
molecule with one lone pair on Nitrogen. H+ has no electrons.
Step 2: Determine bond type. Nitrogen shares its lone pair with H+ to form a bond. Because both
electrons in this new bond come from Nitrogen, it is a coordinate covalent bond.
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Structure of Solids 3

Step 3: Structure representation. Draw NH3 with three normal N-H covalent bonds. Draw an arrow
from N to the new H to represent the coordinate bond, and enclose the entire structure in brackets with a +
sign outside. Structure: [H3N → H]+

Methodology:

How to analyze properties based on Intermolecular Forces To solve problems comparing boiling points,
melting points, or solubility:

1. Check for Hydrogen Bonding: If a molecule has Hydrogen directly covalently bonded to a highly
electronegative atom (F, O, or N), it can form hydrogen bonds with other molecules.

2. Analyze the impact: Hydrogen bonds are strong intermolecular forces.

3. Conclusion: Molecules with hydrogen bonding will have unusually high boiling points, melting points,
and high solubility in water compared to similar molecules without hydrogen bonding.

Worked Example:

Boiling Point Comparison Why does Hydrogen Fluoride (HF) have a much higher boiling point than
Hydrogen Chloride (HCl), even though Cl is heavier than F?
Step 1: Identify the bonding in both molecules. In HF, Hydrogen is bonded to Fluorine (a highly
electronegative atom). In HCl, Hydrogen is bonded to Chlorine.
Step 2: Determine intermolecular forces. HF can form strong intermolecular hydrogen bonds
because of the H-F bond. HCl cannot form hydrogen bonds (Cl is not electronegative enough); it only has
weaker dipole-dipole interactions.
Step 3: Relate to boiling point. More heat energy is required to break the strong hydrogen bonds
between HF molecules compared to the weaker dipole-dipole forces between HCl molecules. Therefore, HF
has a higher boiling point.

1.3 Structure of Solids

Methodology:

How to identify the type of crystalline solid To identify whether a solid is Molecular, Ionic, Network
(Covalent), or Metallic, analyze the types of particles and the forces holding them together:

1. Ionic Solid: Made of metal cations and non-metal anions held by strong electrostatic forces. High
melting point, conducts electricity only in molten or aqueous state. (Example: NaCl, MgO)

2. Metallic Solid: Made of metal atoms in a "sea of electrons." Malleable, ductile, conducts electricity
in solid state. (Example: Fe, Cu, Au)

3. Network (Covalent) Solid: Made of non-metal atoms continuously connected by covalent bonds in
a 3D network. Very hard, extremely high melting point. (Example: Diamond, Quartz/SiO2)

4. Molecular Solid: Made of discrete molecules held together by weak intermolecular forces (van der
Waals, dipole-dipole, or hydrogen bonds). Low melting point, poor conductors. (Example: Ice (H2O),
Dry ice (CO2), I2)

Worked Example:

Classifying Solids based on Properties A given solid ’X’ is extremely hard, has a melting point of 3500◦C,
and does not conduct electricity in any state. Solid ’Y’ is hard, brittle, melts at 800◦C, and conducts
electricity only when dissolved in water. Classify ’X’ and ’Y’.
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Concentration of Solutions 4

Step 1: Analyze Solid ’X’. Properties given: Extremely hard, very high melting point, non-conductor.
These properties describe a continuous 3D network of strong covalent bonds without mobile electrons.
Conclusion: ’X’ is a Network (Covalent) Solid (e.g., Diamond).
Step 2: Analyze Solid ’Y’. Properties given: Hard but brittle, high melting point, conducts electricity
only in aqueous state. This indicates particles are held rigidly in place but become mobile charged ions
when dissolved. Conclusion: ’Y’ is an Ionic Solid (e.g., NaCl).

1.4 Concentration of Solutions

Methodology:

How to calculate Molarity and Mole Fraction Molarity (M): The number of moles of solute dissolved in 1
Liter (1000 mL) of solution.

1. Find the molar mass (Mw) of the solute by adding atomic weights.

2. Convert given mass (w) of solute to moles (n): n = w
Mw

.

3. Convert solution volume (V ) to Liters: Vliters = VmL
1000 .

4. Calculate Molarity: M = n
Vliters

= w×1000
Mw×VmL

.

Mole Fraction (X): The ratio of moles of one component to total moles in solution.

1. Calculate moles of solute (nA = wA

MwA
) and moles of solvent (nB = wB

MwB
).

2. Find total moles: ntotal = nA + nB.

3. Calculate mole fractions: XA = nA

ntotal
and XB = nB

ntotal
. (Note: XA + XB = 1).

Worked Example:

Calculating Molarity 4 g of Sodium Hydroxide (NaOH) is dissolved in water to make 250 mL of solution.
Calculate its Molarity. (Atomic weights: Na=23, O=16, H=1).
Step 1: Find molar mass (Mw) of NaOH. Mw = 23 + 16 + 1 = 40 g/mol.
Step 2: Identify given values. Mass of solute (w) = 4 g Volume of solution (VmL) = 250 mL
Step 3: Apply the Molarity formula. M = w×1000

Mw×VmL
M = 4×1000

40×250 M = 4000
10000 = 0.4 M

Answer: The Molarity of the solution is 0.4 M.

Worked Example:

Calculating Mole Fraction Calculate the mole fraction of ethanol (C2H5OH) and water (H2O) in a solution
containing 46 g of ethanol and 36 g of water. (Molar masses: Ethanol = 46 g/mol, Water = 18 g/mol).
Step 1: Calculate moles of each component. Moles of ethanol (nA) = Mass

Molar Mass = 46
46 = 1 mol. Moles

of water (nB) = Mass
Molar Mass = 36

18 = 2 mol.
Step 2: Calculate total moles. ntotal = 1 + 2 = 3 mol.
Step 3: Calculate mole fractions. Mole fraction of ethanol (XA) = nA

ntotal
= 1

3 ≈ 0.333. Mole fraction of
water (XB) = nB

ntotal
= 2

3 ≈ 0.667.
Answer: Mole fraction of ethanol is 0.333 and water is 0.667.

Methodology:

How to calculate Normality Normality (N): The number of gram equivalents of solute per liter of solution.

1. Determine the equivalent weight (E) of the solute:
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Concentration of Solutions 5

• For an acid: E = Molar Mass
Basicity (number of replaceable H+)

• For a base: E = Molar Mass
Acidity (number of replaceable OH−)

• For a salt: E = Molar Mass
Total positive valency of metal atom

2. Apply the Normality formula: N = w×1000
E×VmL

where w is mass of solute in grams and VmL is solution
volume in mL.

Worked Example:

Calculating Normality Calculate the normality of a solution containing 4.9 g of H2SO4 in 500 mL of solution.
(Molar mass of H2SO4 = 98 g/mol).
Step 1: Find Equivalent Weight (E) of H2SO4. Sulfuric acid (H2SO4) has 2 replaceable H+ ions, so
its basicity is 2. E = Molar Mass

Basicity = 98
2 = 49 g/eq.

Step 2: Identify given values. Mass of solute (w) = 4.9 g Volume of solution (VmL) = 500 mL
Step 3: Apply the Normality formula. N = w×1000

E×VmL
N = 4.9×1000

49×500 N = 4900
24500 = 1

5 = 0.2 N
Answer: The Normality of the solution is 0.2 N.

Methodology:

How to calculate ppm and Percentage Concentrations Parts Per Million (ppm): Used for very dilute
solutions. ppm = Mass of solute

Total mass of solution × 106

Mass Percentage (% w/w): %w/w = Mass of solute
Total mass of solution × 100

Volume Percentage (% v/v): %v/v = Volume of solute
Total volume of solution × 100

Worked Example:

Calculating Parts Per Million (ppm) A 500 g sample of drinking water contains 2 mg of fluoride. Calculate
the concentration of fluoride in ppm.
Step 1: Ensure units match. Mass of solution = 500 g. Mass of solute (fluoride) = 2 mg = 2 × 10−3 g =
0.002 g.
Step 2: Apply the ppm formula. ppm = Mass of solute

Mass of solution × 106 ppm = 0.002
500 × 1000000 ppm = 0.000004 ×

1000000 = 4 ppm
Answer: The concentration of fluoride is 4 ppm.
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CHAPTER 2

Unit 2: Concepts of Electrochemistry

In this unit, we will focus exclusively on problem-solving methodologies for electrochemistry concepts. We will
cover step-by-step methods to solve problems related to redox reactions, pH values, buffer solutions, the Nernst
equation, and Faraday’s laws of electrolysis.

2.1 Oxidation States and Redox Reactions

Methodology:

How to Identify Oxidation and Reduction in a Reaction To determine which substance is oxidized and
which is reduced, follow these steps:

1. Assign oxidation numbers to all elements in the reactants and products.

• Elements in their free state have an oxidation number of 0 (e.g., Cu, H2, O2).
• For monatomic ions, the oxidation number equals the charge (e.g., Cu2+ is +2).
• Oxygen is typically -2, and Hydrogen is typically +1.

2. Compare oxidation numbers from reactants to products.

3. Identify Oxidation: The element whose oxidation number increases has undergone oxidation. It
acts as the reducing agent.

4. Identify Reduction: The element whose oxidation number decreases has undergone reduction. It
acts as the oxidizing agent.

Worked Example:

Identifying Redox Participants Problem: Identify the species oxidized, the species reduced, the oxidizing
agent, and the reducing agent in the following reaction:

Zn(s) + Cu2+(aq) → Zn2+(aq) + Cu(s)

Solution:

1. Assign oxidation numbers:

• Reactants: Zn(s) = 0, Cu2+ = +2
• Products: Zn2+ = +2, Cu(s) = 0

2. Compare changes:

• Zinc goes from 0 to +2 (increase in oxidation number).
• Copper goes from +2 to 0 (decrease in oxidation number).

3. Conclusion:

6



Calculating pH of Solutions 7

• Oxidized: Zn (Oxidation number increased)
• Reduced: Cu2+ (Oxidation number decreased)
• Reducing Agent: Zn

• Oxidizing Agent: Cu2+

2.2 Calculating pH of Solutions

Methodology:

How to Calculate pH and pOH To find the pH of a strong acid or strong base solution:

1. Identify the concentration (C) of the acid or base in Molarity (M). If given in Normality (N) for
strong monoprotic acids/bases, M = N .

2. Determine [H+] or [OH−]:

• For a strong acid (like HCl), [H+] = Concentration of acid.
• For a strong base (like NaOH), [OH−] = Concentration of base.

3. Apply the pH or pOH formula:

• pH = − log10[H+]
• pOH = − log10[OH−]

4. Convert between pH and pOH if necessary using the relationship at 25◦C:

pH + pOH = 14

Worked Example:

pH of a Strong Acid Problem: Calculate the pH of a 0.001 M HCl solution.
Solution:

1. Identify concentration: [HCl] = 0.001 M = 1 × 10−3 M.

2. Determine [H+]: Since HCl is a strong acid and dissociates completely, [H+] = 1 × 10−3 M.

3. Apply pH formula:
pH = − log10(1 × 10−3)
pH = −(−3) log10(10)

pH = 3

Worked Example:

pH of a Strong Base Problem: Find the pH of a 0.05 M NaOH solution. (log10 5 ≈ 0.699)
Solution:

1. Identify concentration: [NaOH] = 0.05 M = 5 × 10−2 M.

2. Determine [OH−]: NaOH is a strong base, so [OH−] = 5 × 10−2 M.

3. Apply pOH formula:
pOH = − log10(5 × 10−2)

pOH = −(log10 5 + log10 10−2)
pOH = −(0.699 − 2) = 1.301
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Buffer Solutions 8

4. Convert to pH:
pH = 14 − pOH = 14 − 1.301 = 12.699

2.3 Buffer Solutions

Methodology:

How to Calculate the pH of a Buffer Solution To calculate the pH of a buffer solution, use the Henderson-
Hasselbalch equation:

1. Identify the components of the buffer:

• Acidic buffer: Weak acid and its salt (conjugate base).
• Basic buffer: Weak base and its salt (conjugate acid).

2. Identify the concentrations: Let [Salt] be the concentration of the salt and [Acid] (or [Base]) be
the concentration of the weak acid (or base).

3. Identify the dissociation constant (Ka or Kb) or pKa / pKb:

pKa = − log10(Ka) and pKb = − log10(Kb)

4. Apply the correct formula:

• For Acidic Buffers: pH = pKa + log10

(
[Salt]
[Acid]

)
• For Basic Buffers: pOH = pKb + log10

(
[Salt]
[Base]

)
, then calculate pH = 14 − pOH.

Worked Example:

pH of an Acidic Buffer Problem: Calculate the pH of a buffer solution containing 0.1 M acetic acid
(CH3COOH) and 0.2 M sodium acetate (CH3COONa). The pKa of acetic acid is 4.76. (log10 2 ≈ 0.301)
Solution:

1. Identify components and concentrations:

• [Acid] = [CH3COOH] = 0.1 M
• [Salt] = [CH3COONa] = 0.2 M

2. Identify pKa: pKa = 4.76.

3. Apply the Henderson-Hasselbalch equation:

pH = pKa + log10

(
[Salt]
[Acid]

)

pH = 4.76 + log10

(0.2
0.1

)
pH = 4.76 + log10(2)

pH = 4.76 + 0.301 = 5.061
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Faraday’s Laws of Electrolysis 9

2.4 The Nernst Equation

Methodology:

How to Calculate Electrode Potential using the Nernst Equation To calculate the potential of a single
electrode or a complete cell under non-standard conditions:

1. Identify the standard potential (E◦) of the cell or electrode.

2. Determine the number of electrons transferred (n) in the balanced half-reaction or cell reaction.

3. Identify the concentrations of the aqueous ions involved.

4. Apply the Nernst Equation (at 25◦C):

E = E◦ − 0.0592
n

log10

(
[Products]
[Reactants]

)

Note: Pure solids and liquids are omitted from the concentration ratio (their activity is 1).

Worked Example:

Single Electrode Potential Problem: Calculate the reduction potential of a zinc electrode dipped in a 0.1
M Zn2+ solution at 25◦C. (Given: E◦

Zn2+/Zn = −0.76 V)
Solution:

1. Identify E◦: E◦ = −0.76 V.

2. Determine n: The reduction reaction is Zn2+ + 2e− → Zn(s). Thus, n = 2.

3. Identify concentrations: [Reactant] = [Zn2+] = 0.1 M. [Product] = [Zn(s)] = 1 (solid).

4. Apply the Nernst Equation:
E = −0.76 − 0.0592

2 log10

( 1
0.1

)
E = −0.76 − 0.0296 log10(10)

E = −0.76 − 0.0296(1) = −0.7896 V

2.5 Faraday’s Laws of Electrolysis

Methodology:

How to Calculate Mass Deposited during Electrolysis To find the mass (m) of a substance deposited at an
electrode:

1. Identify the given variables:

• Current (I) in Amperes (A).
• Time (t) in seconds (s). Convert minutes or hours to seconds (1 min = 60 s).

2. Determine the Equivalent Weight (E) of the metal:

E = Atomic Weight
Valency (number of electrons involved, n)

3. Calculate the Electrochemical Equivalent (Z):

Z = E

96500
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4. Apply Faraday’s First Law:

m = Z · I · t or m = E · I · t

96500

Worked Example:

Calculating Mass Deposited Problem: A current of 5 Amperes is passed through a solution of copper
sulfate (CuSO4) for 30 minutes. Calculate the mass of copper deposited at the cathode. (Atomic weight of
Cu = 63.5, 1 Faraday = 96500 C)
Solution:

1. Identify given variables:

• I = 5 A
• t = 30 minutes = 30 × 60 seconds = 1800 s

2. Determine Equivalent Weight (E) for Copper: The reaction is Cu2+ + 2e− → Cu(s), so valency n = 2.

E = 63.5
2 = 31.75

3. Apply Faraday’s formula:
m = E · I · t

96500

m = 31.75 × 5 × 1800
96500

m = 285750
96500 ≈ 2.96 grams

Result: 2.96 grams of copper is deposited.

Worked Example:

Calculating Time Required Problem: How long will it take to deposit 1.5 g of silver (Ag) from a silver
nitrate (AgNO3) solution using a current of 2 Amperes? (Atomic weight of Ag = 108)
Solution:

1. Identify given variables:

• m = 1.5 g
• I = 2 A

2. Determine Equivalent Weight (E) for Silver: The reaction is Ag+ + 1e− → Ag(s), so valency n = 1.

E = 108
1 = 108

3. Apply Faraday’s formula and solve for t:

m = E · I · t

96500

1.5 = 108 × 2 × t

96500

1.5 = 216 × t

96500

t = 1.5 × 96500
216 ≈ 670.14 seconds

Result: It will take approximately 670.14 seconds (or about 11.17 minutes).
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CHAPTER 3

Corrosion of Metals and Its Prevention

In this unit, we shift focus from theoretical definitions of corrosion to practical problem-solving. As an engineer,
you will be tasked with identifying corrosion mechanisms in the field, predicting which materials will fail, and
selecting the most effective prevention strategies.

3.1 Predicting the Type of Corrosion
When inspecting degraded materials or diagnosing a failure, the first step is to identify the type of corrosion
occurring based on the environment and material properties.

Methodology:

How to Identify the Type of Corrosion To determine the corrosion mechanism in a given scenario, follow
these steps:

1. Check the environment for moisture: If the metal is exposed to dry gases (like O2, halogens, or
H2S) at high temperatures without liquid water, it is Dry (Chemical) Corrosion. If moisture or
an aqueous electrolyte is present, it is Wet (Electrochemical) Corrosion.

2. Look for dissimilar metals: If two different metals or alloys are in electrical contact within an
electrolyte, identify it as Galvanic Corrosion.

3. Check for differences in oxygen concentration: If a single piece of metal is exposed to varying
levels of oxygen (e.g., partially submerged in water or under a drop of water), it is Concentration
Cell Corrosion (or Waterline Corrosion).

4. Look for localized surface features: If the corrosion is confined to narrow gaps, joints, or under
dirt deposits, it is Crevice Corrosion. If it forms deep, localized holes on an otherwise intact surface,
it is Pitting Corrosion.

Worked Example:

Identifying Corrosion in a Chemical Plant Problem: A steel pipe is partially submerged in a water tank.
After a few months, severe rusting is observed just below the water level, while the deeply submerged part
and the part above water show less damage. Identify the type of corrosion and explain why it occurred.
Solution:

1. Analyze the environment: The pipe is partially submerged in water, making this a wet/electro-
chemical corrosion scenario.

2. Check for dissimilar metals: Only one metal (steel) is mentioned, ruling out Galvanic corrosion.

3. Check for oxygen concentration differences: The part of the pipe near the water surface
(waterline) has higher access to dissolved oxygen than the deeply submerged part.

4. Conclusion: This is Waterline Corrosion (a type of Concentration Cell Corrosion). The deeply
submerged area acts as the anode (lower oxygen concentration) and corrodes, while the area just
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Determining the Anodic and Cathodic Regions 12

below the waterline acts as the cathode (higher oxygen concentration).

Worked Example:

High-Temperature Exhaust Degradation Problem: An industrial exhaust pipe carrying hot, dry H2S gas
shows scaling and gradual thinning over time. There is no moisture present. Identify the corrosion type.
Solution:

1. Analyze the environment: The environment contains hot gases but completely lacks moisture.

2. Conclusion: This is Dry (Chemical) Corrosion. Specifically, it is corrosion by other gases where
the hot H2S gas directly reacts with the metal surface to form a chemical scale without an aqueous
electrolyte.

3.2 Determining the Anodic and Cathodic Regions
A critical skill in corrosion engineering is predicting which part of a system will corrode. In electrochemical
corrosion, the metal that acts as the anode gets destroyed, while the cathode remains protected.

Methodology:

How to Determine Which Metal Will Corrode Use the following steps to predict the anode and cathode:

1. Identify the metals or environments involved.

2. For dissimilar metals (Galvanic Couple): Compare their positions in the Electrochemical
(Galvanic) Series. The metal placed higher (more active, e.g., Zinc, Magnesium, Iron) acts as the
Anode and will corrode. The metal placed lower (more noble, e.g., Copper, Silver) acts as the
Cathode and is protected.

3. For identical metals with differential aeration (Concentration Cell): Identify the oxygen
levels. The area with less oxygen acts as the Anode and will corrode. The area with more oxygen
acts as the Cathode.

4. Determine the chemical consequence:

• Anode reaction (Oxidation): The metal dissolves into ions (M → Mn+ + ne−).
• Cathode reaction (Reduction): The metal is safe. Instead, hydrogen gas is liberated (in acidic

mediums) or hydroxide ions are formed (in neutral/alkaline mediums).

Worked Example:

Steel Screws in a Copper Plate Problem: A copper sheet is fastened using steel screws and exposed to a
humid marine environment. Predict which component will undergo rapid corrosion.
Solution:

1. Identify metals: Copper (Cu) and Steel (mostly Iron, Fe).

2. Compare positions: In the electrochemical series, Iron is more active (higher up) than Copper.

3. Assign Anode/Cathode: Iron acts as the anode, and Copper acts as the cathode.

4. Conclusion: The steel screws will corrode. Because the anodic area (screws) is very small
compared to the cathodic area (copper plate), the steel screws will suffer from intense, rapid galvanic
corrosion and fail quickly.
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Worked Example:

Corrosion Under a Dust Particle Problem: A drop of water containing dissolved oxygen sits on a flat iron
surface, with a dust particle resting in the center of the drop. Where will the rust form?
Solution:

1. Identify the scenario: Single metal (Iron) exposed to an electrolyte (water drop) with varying
oxygen levels.

2. Analyze oxygen distribution: The edges of the water drop are exposed to open air (high oxygen).
The area directly under the dust particle in the center of the drop has restricted air access (low
oxygen).

3. Assign Anode/Cathode: The area under the dust particle (low oxygen) becomes the anode. The
edges of the drop (high oxygen) become the cathode.

4. Conclusion: Iron will dissolve at the center (under the dust), forming a pit. Rust (Fe(OH)3) will
precipitate at the boundary between the anode and cathode, forming a ring of rust around the dust
particle.

3.3 Evaluating Factors that Accelerate Corrosion
Engineers must often assess an environment to determine how fast a structure will degrade and whether
intervention is immediately required.

Methodology:

How to Evaluate the Rate of Corrosion Analyze the operational environment using these key factors:

1. Anode-to-Cathode Area Ratio: A small anode connected to a large cathode results in extremely
rapid, concentrated corrosion. A large anode connected to a small cathode results in very slow,
distributed corrosion.

2. Nature of the Surface Film: If a metal naturally forms a stable, non-porous oxide film (e.g.,
Aluminum forming Al2O3), the corrosion rate drops significantly (passivation). If the film is porous or
unstable, corrosion continues unabated.

3. pH of the Medium: Acidic environments (low pH) accelerate corrosion rapidly due to continuous
hydrogen evolution. Neutral or alkaline environments generally slow down corrosion.

4. Temperature and Humidity: Higher temperatures increase chemical reaction rates. High hu-
midity (especially above the critical humidity level) provides the necessary aqueous electrolyte for
electrochemical corrosion to proceed.

Worked Example:

Assessing Design Flaws in a Bimetallic Joint Problem: Design A features a large steel tank joined by a few
copper rivets. Design B features a large copper tank joined by a few steel rivets. Which design will fail
faster and why?
Solution:

1. Identify the couple: Both designs use Steel (Anode) and Copper (Cathode). Steel will corrode in
both cases.

2. Analyze Area Ratio for Design A: Large steel tank (Large Anode) and small copper rivets (Small
Cathode). The corrosion current is spread over a massive area, meaning the actual rate of steel
degradation is extremely slow.

3. Analyze Area Ratio for Design B: Large copper tank (Large Cathode) and small steel rivets
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(Small Anode). All the corrosion current is concentrated on the tiny steel rivets.

4. Conclusion: Design B will fail rapidly because the incredibly small anodic steel rivets will dissolve
completely to support the large cathodic copper area.

3.4 Selecting Appropriate Corrosion Prevention Measures
When tasked with protecting a structure, you must choose the most effective and economical method from
various internal and external preventative measures.

Methodology:

How to Select a Corrosion Prevention Strategy Match the engineering requirement to the correct protective
measure:

1. For Underground Pipelines or Buried Tanks: Use Cathodic Protection.

• Sacrificial Anode Method: Connect the structure to a more active metal (e.g., Magnesium or Zinc
blocks) which will corrode instead of the structure.

• Impressed Current Method: Apply an external DC voltage to force the structure to act as a
cathode.

2. For Atmospheric Exposure (Bridges, Roofs, Vehicles): Use Protective Coatings.

• Apply metallic coatings like Galvanizing (zinc coating on steel) or Tinning.
• Apply organic coatings like paints, varnishes, or enamels.

3. For Closed Liquid Systems (Boilers, Cooling Towers): Use Modification of Environment.
Remove dissolved oxygen (deaeration) or add chemical corrosion inhibitors.

4. During the Initial Engineering Phase: Apply Modification in Design. Avoid bimetallic
contacts, eliminate sharp corners and crevices where moisture can trap, and ensure proper drainage.

Worked Example:

Protecting an Underground Gas Pipeline Problem: A mild steel pipeline is being laid underground through
moist soil. Coating the pipe with paint is insufficient because soil movement may scratch the paint. Suggest
a highly effective corrosion prevention method and explain how it works.
Solution:

1. Analyze the constraints: Underground structure, moist soil (electrolyte present), high risk of
mechanical damage to surface coatings.

2. Select the method: Sacrificial Anode Cathodic Protection.

3. Application: Magnesium or Zinc blocks are buried alongside the pipeline and connected to it via
insulated wires.

4. Mechanism: Because Mg and Zn are more electropositive (higher in the electrochemical series) than
the steel pipe, they become the anode and the pipeline becomes the cathode. The moisture in the soil
completes the circuit. The Mg/Zn blocks will slowly dissolve, completely protecting the steel pipe.
The blocks can be safely replaced during routine maintenance.
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Worked Example:

Corrosion Prevention in Design Problem: A liquid storage tank made of welded steel fails prematurely
because rust forms aggressively at the welded joints and in the sharp corners at the bottom of the tank.
Suggest two design modifications to prevent this.
Solution:

1. Analyze the failure points: Welded joints (create crevices/impurities) and sharp corners (trap
moisture and dirt, setting up concentration cells).

2. Apply Design Modifications:

3. Modification 1: Replace sharp, 90-degree corners at the bottom of the tank with smooth, curved
(radiused) bottoms to prevent dirt accumulation and ensure complete drainage of liquid.

4. Modification 2: Ensure smooth, continuous welding rather than spot welding. Grind the welds
smooth to eliminate crevices where localized concentration cells could form.
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CHAPTER 4

Unit 4: Fuels and Combustion

4.1 Calculation of Calorific Value

Methodology:

How to Calculate HCV and LCV Using Dulong’s Formula Objective: Calculate Higher Calorific Value
(HCV) and Lower Calorific Value (LCV) from the percentage composition of coal.
Step 1: Identify the percentage composition. Extract the mass percentages of Carbon (C), Hydrogen
(H), Oxygen (O), and Sulfur (S) from the problem statement. Ensure the percentages are used as values out
of 100 in the formula (e.g., for 80% C, use C = 80).
Step 2: Apply Dulong’s formula for HCV. Use the standard empirical formula:

HCV = 1
100

[
8080 C + 34500

(
H − O

8

)
+ 2240 S

]
kcal/kg

Step 3: Calculate LCV. To find the LCV, account for the latent heat of condensation of water formed
from hydrogen combustion:

LCV = HCV − (0.09 × H × 587) kcal/kg
(Note: 587 kcal/kg is the standard latent heat of steam. In some contexts, 580 kcal/kg is used. Check your
specific dataset if provided.)

Worked Example:

Calculating HCV and LCV from Coal Composition Problem: A sample of coal has the following percentage
composition by mass: Carbon = 85%, Hydrogen = 5%, Oxygen = 4%, Nitrogen = 2%, Sulfur = 1.5%, and
Ash = 2.5%. Calculate its HCV and LCV.
Solution: Step 1: Extract the given percentages. C = 85, H = 5, O = 4, S = 1.5
Step 2: Calculate HCV using Dulong’s Formula.

HCV = 1
100

[
8080(85) + 34500

(
5 − 4

8

)
+ 2240(1.5)

]

HCV = 1
100 [686800 + 34500(4.5) + 3360]

HCV = 1
100 [686800 + 155250 + 3360]

HCV = 845410
100 = 8454.1 kcal/kg

Step 3: Calculate LCV.
LCV = HCV − (0.09 × H × 587)
LCV = 8454.1 − (0.09 × 5 × 587)

LCV = 8454.1 − 264.15 = 8189.95 kcal/kg
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Methodology:

How to Calculate Calorific Value from Bomb Calorimeter Data Objective: Determine the calorific value of
a solid or liquid fuel using experimental data from a bomb calorimeter.
Step 1: Extract experimental values. Identify: m: Mass of the fuel sample burned (kg or g) W : Mass
of water in the calorimeter (kg or g) w: Water equivalent of the calorimeter (kg or g) t1: Initial temperature
of water (◦C) t2: Final temperature of water (◦C) Note: Keep units consistent. If W and w are in kg, m
must be in kg.
Step 2: Calculate Gross Calorific Value (HCV). Use the thermal equilibrium principle (Heat liberated
by fuel = Heat gained by water and calorimeter apparatus).

HCV = (W + w)(t2 − t1)
m

cal/g or kcal/kg

Worked Example:

Bomb Calorimeter Experiment Evaluation Problem: In a bomb calorimeter experiment, 1.2 g of a fuel was
burnt. The mass of water in the calorimeter was 2.5 kg, and the water equivalent of the calorimeter was 0.4
kg. The initial temperature of the water was 22◦C, and the maximum recorded temperature was 25.5◦C.
Calculate the HCV of the fuel in kcal/kg.
Solution: Step 1: Convert units and list given values. m = 1.2 g = 0.0012 kg W = 2.5 kg w = 0.4 kg
t1 = 22◦C t2 = 25.5◦C
Step 2: Apply the HCV formula.

HCV = (W + w)(t2 − t1)
m

HCV = (2.5 + 0.4)(25.5 − 22)
0.0012

HCV = (2.9)(3.5)
0.0012

HCV = 10.15
0.0012 = 8458.33 kcal/kg

4.2 Proximate Analysis of Coal
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Methodology:

How to Perform Calculations for Proximate Analysis of Coal Objective: Determine the mass percentages
of Moisture, Volatile Matter (VM), Ash, and Fixed Carbon in a coal sample.
Step 1: Calculate Moisture Percentage.

% Moisture = Loss in weight at 105◦C-110◦C
Initial weight of coal × 100

Step 2: Calculate Volatile Matter (VM) Percentage.

% VM = Loss in weight due to heating at 925◦C
Initial weight of coal × 100

Note: The mass used in the denominator is always the original mass of the coal sample, not the moisture-free
mass.
Step 3: Calculate Ash Percentage.

% Ash = Weight of residue left after complete ignition
Initial weight of coal × 100

Step 4: Calculate Fixed Carbon Percentage.

% Fixed Carbon = 100 − (% Moisture + % VM + % Ash)

Worked Example:

Evaluating Coal Quality via Proximate Analysis Problem: A 2.5 g sample of coal was heated at 110◦C for
1 hour. The new weight was 2.4 g. The moisture-free sample was then covered and heated at 925◦C for 7
minutes. The weight further reduced to 1.6 g. Finally, the sample was ignited completely to ash, and the
final residue weighed 0.25 g. Calculate the proximate analysis percentages.
Solution: Step 1: Calculate % Moisture. Initial weight = 2.5 g. Weight after 110◦C = 2.4 g. Loss in
weight = 2.5 − 2.4 = 0.1 g

% Moisture =
(0.1

2.5

)
× 100 = 4%

Step 2: Calculate % Volatile Matter. Weight before 925◦C = 2.4 g. Weight after = 1.6 g. Loss in
weight = 2.4 − 1.6 = 0.8 g

% VM =
(0.8

2.5

)
× 100 = 32%

Step 3: Calculate % Ash. Weight of ash residue = 0.25 g.

% Ash =
(0.25

2.5

)
× 100 = 10%

Step 4: Calculate % Fixed Carbon.

% Fixed Carbon = 100 − (4 + 32 + 10) = 100 − 46 = 54%

4.3 Ultimate Analysis of Coal

Methodology:

How to Perform Calculations for Ultimate Analysis (C, H, N, S) Objective: Solve for specific elemental
composition percentages based on experimental combustion products.
Step 1: Carbon and Hydrogen Computation. Carbon forms CO2 and Hydrogen forms H2O upon
combustion.

% C = Weight of CO2 formed × 12
Weight of coal sample × 44 × 100

% H = Weight of H2O formed × 2
Weight of coal sample × 18 × 100
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Step 2: Nitrogen (Kjeldahl’s Method). Ammonia gas formed is absorbed in a known volume of
standard acid.

% N = Volume of acid consumed (ml) × Normality of acid × 1.4
Weight of coal sample

Step 3: Sulfur. Sulfur is oxidized to sulfate and precipitated as BaSO4.

% S = Weight of BaSO4 precipitate × 32
Weight of coal sample × 233 × 100

Worked Example:

Determining Carbon and Hydrogen Content Problem: 1.5 g of a coal sample was combusted completely,
producing 4.4 g of CO2 and 0.9 g of H2O. Calculate the percentage of Carbon and Hydrogen in the sample.
Solution: Step 1: Calculate % Carbon.

% C = 4.4 × 12
1.5 × 44 × 100 = 52.8

66 × 100 = 80%

Step 2: Calculate % Hydrogen.

% H = 0.9 × 2
1.5 × 18 × 100 = 1.8

27 × 100 = 6.67%

4.4 Fuel Selection and Rating Analysis

Methodology:

How to Evaluate and Select the Best Fuel based on Constraints Objective: Choose the correct fuel state
(Solid, Liquid, or Gas) by systematically matching the fuel properties to specific operational constraints.
Step 1: Identify the constraints of the system. Extract process requirements from the problem (e.g.,
zero ash requirement, transportation needs, immediate heating, cost restrictions, pollution standards).
Step 2: Filter by state properties. - Solid (e.g., Coal): Select if cost is the primary factor, continuous
steady heat is needed, and large storage/ash disposal is not a barrier. - Liquid (e.g., Petroleum/Diesel):
Select for mobile machinery and high energy density by volume. - Gas (e.g., LPG/CNG): Select if the
process requires extreme temperature precision, instantaneous start/stop, zero ash contamination, or clean
exhaust.
Step 3: State the justification. Explicitly map the chosen fuel’s characteristics to the identified
constraints.

Worked Example:

Scenario Analysis: Selecting Fuel for an Indoor Metallurgy Furnace Problem: A metallurgical lab needs a
fuel for an indoor precision furnace. The operation requires zero ash to prevent chemical contamination of
the metal, instantaneous start/stop capabilities, and high temperature precision. Available options: Coal,
Diesel, and LPG. Which fuel must be selected?
Solution: Step 1: Identify constraints. Constraints: Zero ash, high temperature control, indoor clean
environment, instant start/stop.
Step 2: Evaluate options. - Coal: Produces high ash, difficult to stop combustion instantly, produces
smoke. (Rejected) - Diesel: Less ash than coal but can produce soot. Moderate control over exact flame
shape. (Rejected) - LPG (Gaseous): Zero ash, burns completely cleanly, precise valve control allows
instantaneous start/stop, high calorific value. (Accepted)
Step 3: Conclusion. LPG must be selected because its gaseous nature satisfies the zero-contamination
constraint and allows for exact valve-based precision heating.
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Methodology:

How to Resolve Engine Knocking Issues via Fuel Rating Evaluation Objective: Diagnose and solve internal
combustion engine inefficiencies using fuel rating numbers (Octane/Cetane).
Step 1: Identify the engine type. Determine if the engine is a Spark Ignition (Petrol) or Compression
Ignition (Diesel) engine. - Petrol Engines → Use Octane Number (higher indicates better anti-knocking). -
Diesel Engines → Use Cetane Number (higher indicates a shorter ignition delay).
Step 2: Evaluate the current fuel rating vs. the engine requirement. - If knocking occurs in a
petrol engine, the current Octane number is too low for the compression ratio. - If rough idling or knocking
occurs in a diesel engine, the Cetane number is too low.
Step 3: Propose a chemical solution. Suggest adding anti-knock agents. For petrol, blend with Power
Alcohol (ethanol) to increase the Octane rating. For diesel, blend with bio-diesel to adjust the Cetane rating.

Worked Example:

Diagnosing Engine Faults Based on Fuel Rating Problem: A high-compression petrol engine is experiencing
severe "knocking" and structural vibration under heavy load. The current fuel is straight-run gasoline with
an Octane number of 65. What is the root cause, and how can it be practically solved?
Solution: Step 1: Identify engine type and metric. It is a petrol (spark-ignition) engine. The relevant
performance metric is the Octane Number.
Step 2: Evaluate current rating. High-compression engines require a high Octane Number (typically
85+) to prevent premature auto-ignition (the cause of knocking). The current fuel value of 65 is severely
inadequate, leading to uncontrolled explosions in the cylinder.
Step 3: Solution. The fuel’s Octane rating must be artificially increased. This can be achieved by blending
the gasoline with Power Alcohol (ethanol), which has an Octane number exceeding 100. Blending the
fuel (e.g., E20 blend) will boost the overall octane rating, eliminate knocking, and restore smooth engine
operation.

4.5 Analysis of Gaseous Fuels

Methodology:

How to Differentiate and Apply Synthetic/Natural Gases Objective: Select the correct gaseous fuel (LPG,
CNG, Biogas, Water Gas, Producer Gas, Coal Gas) based on composition and thermal application.
Step 1: Analyze the chemical composition and thermal properties. - Biogas (CH4 + CO2): Low
cost, moderate heat. Best for domestic cooking or rural power. - Water Gas (CO + H2): Burns with a
blue flame, produces extremely high temperatures, has no inert diluents. Best for metal welding and glass
production. - Producer Gas (CO + N2): Contains ∼ 50% inert Nitrogen, making the flame cooler and
calorific value lower. Best for massive-scale heating (e.g., open-hearth furnaces) where high volume and low
fuel cost matter more than extreme localized heat. - CNG (CH4 compressed): High pressure, burns
cleanly. Best for eco-friendly vehicular transport.
Step 2: Match to application requirements. Evaluate whether the process requires intense localized
heat, cheap massive-volume heat, or clean transport fuel, and match it to the characteristics defined in Step
1.

Worked Example:

Selecting Gaseous Fuel for Heavy Industrial Welding Problem: A manufacturing plant requires a gaseous
fuel capable of achieving extreme, localized temperatures for heavy steel welding. The available options are
Biogas, Producer Gas, and Water Gas. Which fuel should be chosen, and why?
Solution: Step 1: Analyze compositions. - Biogas: Contains CO2 which lowers the overall flame
temperature. - Producer Gas: Contains over 50% inert Nitrogen. The nitrogen acts as a heat sink, severely
limiting the maximum attainable flame temperature. - Water Gas: A mixture of Carbon Monoxide and
Hydrogen. Both gases are highly combustible, and it contains no inert diluents.
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Step 2: Make the selection. Water Gas must be selected. Because it lacks non-combustible diluents
like nitrogen, all thermal energy is concentrated, allowing it to reach the intensely hot, non-luminous
temperatures required to melt heavy steel.
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CHAPTER 5

Lubricants

This chapter focuses exclusively on problem-solving techniques and methodologies for evaluating, classifying,
and selecting lubricants for various engineering applications.

5.1 Classification and Mechanisms of Lubrication

Methodology:

How to determine the appropriate mechanism and type of lubricant Step 1: Analyze the operating
conditions
Identify the load (high vs. low), speed (high vs. low), and operating temperature of the moving parts.
Step 2: Determine the lubrication mechanism

• Fluid-film (Hydrodynamic) lubrication: Choose this when the load is light to moderate, speed is
high, and a continuous liquid film can be maintained between surfaces (e.g., journal bearings).

• Boundary (Thin-film) lubrication: Choose this when the load is heavy, speed is low, or frequent
stops/starts occur, preventing a continuous liquid film (e.g., tractor gears).

• Extreme Pressure (EP) lubrication: Choose this under extremely high pressures and temperatures
where regular oils would be squeezed out or vaporized.

Step 3: Select the physical state of the lubricant

• Liquid lubricants (Oils): For high speeds and moderate loads (e.g., mineral oils, synthetic oils).

• Semi-solid lubricants (Greases): For low speeds, heavy loads, and situations where oil cannot be
retained or frequent relubrication is difficult.

• Solid lubricants (Graphite, MoS2): For extreme temperatures (too high for liquids), extreme
pressures, or parts inaccessible for regular maintenance.

Worked Example:

Selecting Lubricant Type for High-Speed Spindles Problem: An industrial CNC machine spindle operates
at extremely high speeds (10,000 RPM) under a relatively light load. Should a solid lubricant, grease, or
low-viscosity liquid oil be used? Justify the lubrication mechanism.
Solution:

1. Operating conditions: High speed, light load.

2. Lubrication mechanism: The high speed and light load favor fluid-film (hydrodynamic)
lubrication, where a continuous cushion of fluid completely separates the metal surfaces.

3. State selection: A low-viscosity liquid oil is required. High-viscosity oils or greases would cause
excessive fluid friction and overheating at 10,000 RPM. Solid lubricants are unnecessary and would
cause wear.
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Worked Example:

Mechanism and Classification for Heavy Load Machinery Problem: A heavy-duty crane uses a wire rope and
open gear system operating at low speeds but carrying immense loads. Identify the lubrication mechanism
and recommend the type of lubricant.
Solution:

1. Operating conditions: Low speed, extremely heavy load, exposed environment.

2. Lubrication mechanism: The heavy load will squeeze out standard fluid films, so the system
operates under boundary lubrication or extreme pressure conditions.

3. State selection: A semi-solid lubricant (grease) blended with solid additives (like graphite or
molybdenum disulfide) is ideal. It stays in place (doesn’t drip off the open gears) and withstands the
high pressure without squeezing out.

5.2 Interpreting Physical Properties of Lubricants

Methodology:

How to interpret Viscosity, Flash Point, and Pour Point data Step 1: Match Viscosity to Speed and
Load

• Low Viscosity (thin oil): Use for high speed, low load to minimize internal fluid friction.

• High Viscosity (thick oil): Use for low speed, high load to prevent the oil from being squeezed out.

Step 2: Evaluate Viscosity Index (VI) for Temperature Variations

• If the machine operates across a wide temperature range (e.g., outdoor engines), require a high VI
(viscosity remains relatively stable).

• If the temperature is constant, a lower VI may be acceptable.

Step 3: Ensure Safety and Flow using Flash/Fire and Pour Points

• Flash Point: The operating temperature must be strictly below the flash point to prevent fire hazards.

• Pour Point: The lowest ambient starting temperature must be above the pour point so the oil can
flow freely upon startup.

Worked Example:

Choosing Oil based on Temperature Constraints Problem: You must select an engine oil for a vehicle
operating in a region where winter temperatures drop to −10◦C and engine operating temperatures reach
150◦C. You have two choices:

• Oil A: Pour point = −5◦C, Flash point = 140◦C, VI = 85

• Oil B: Pour point = −20◦C, Flash point = 180◦C, VI = 130

Which oil should you select and why?
Solution:

1. Check Pour Point: Winter temp is −10◦C. Oil A freezes at −5◦C (will not flow). Oil B flows down
to −20◦C. Oil B passes.

2. Check Flash Point: Operating temp is 150◦C. Oil A will vaporize and flash at 140◦C (fire hazard).
Oil B is safe up to 180◦C. Oil B passes.
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3. Check Viscosity Index: The wide temperature range (−10◦C to 150◦C) requires a high VI. Oil B
has a higher VI (130).

4. Conclusion: Select Oil B because its pour point is below the lowest ambient temperature, its flash
point is above the operating temperature, and it has a better viscosity index.

Worked Example:

Evaluating Viscosity for Variable Conditions Problem: A plant manager accidentally replaced the high-
viscosity oil in a slow-moving, heavy-load gear reducer with a low-viscosity spindle oil. What problem will
occur, and how is this diagnosed?
Solution:

1. Analyze the mismatch: Low speed + heavy load requires high viscosity. Low-viscosity oil is too
thin for these conditions.

2. Consequence: The heavy load will squeeze the thin fluid film out from between the gear teeth,
resulting in metal-to-metal contact, severe wear, and generation of excess heat.

3. Correction: Drain the spindle oil and replace it with a high-viscosity gear oil to restore a sufficiently
thick hydrodynamic film.

5.3 Utilizing Chemical Properties to Assess Lubricant Quality

Methodology:

How to analyze Acid Value and Saponification Number Step 1: Check the Acid (Neutralization)
Value

• The Acid Value indicates the amount of KOH (in mg) required to neutralize 1g of oil.

• Problem indicator: A high or rapidly increasing acid value indicates that the oil is oxidizing and
degrading, which will cause corrosion of metal parts. It means the oil needs replacement.

Step 2: Check the Saponification Number

• Saponification number is the mg of KOH required to saponify 1g of oil.

• Pure mineral oils do not saponify (Saponification Value ≈ 0).

• Animal and vegetable oils undergo saponification.

• Use case: Use the saponification number to determine the percentage of fatty oils blended into a
mineral oil, or to identify if an oil is pure mineral oil.

Step 3: Evaluate Emulsification Number (Steam Emulsion Number)

• Indicates the time (in seconds) it takes for an emulsion of oil and water to separate.

• For applications where water contact is frequent (e.g., steam turbines), select an oil with a low steam
emulsion number (rapid separation).

Worked Example:

Evaluating Oil Degradation using Acid Value Problem: During routine maintenance of an industrial
hydraulic system, the oil’s Acid Value is measured at 2.5 mg KOH/g. The fresh oil specification lists a
maximum Acid Value of 0.1 mg KOH/g. What does this indicate, and what action should be taken?
Solution:
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1. Analyze the data: The acid value has increased significantly from 0.1 to 2.5 mg KOH/g.

2. Diagnosis: The oil has undergone severe oxidation, breaking down into acidic byproducts.

3. Action: The high acid content will cause internal corrosion of the hydraulic pumps and valves. The
oil must be completely drained, the system flushed, and fresh oil added immediately.

Worked Example:

Identifying Blended Oils via Saponification Number Problem: A supplier provides a drum labeled "Pure
Mineral Oil". A lab test reveals the oil has a saponification number of 45 mg KOH/g. Is the label accurate?
Solution:

1. Recall property rules: Pure mineral oils are derived from petroleum and do not react with KOH to
form soap. Their saponification number should be near 0.

2. Evaluate the data: The measured value is 45 mg KOH/g, which is significantly high.

3. Conclusion: The label is inaccurate. The presence of a saponification value indicates that the oil
contains animal or vegetable fats (it is a compounded/blended oil, not a pure mineral oil).

5.4 Selecting Lubricants for Specific Industrial Machinery

Methodology:

How to select lubricants for specific machinery (Gears, Turbines, Transformers) Step 1: Identify the
operating environment and primary function of the fluid
Not all oils are just for lubrication; some serve as coolants or insulators.
Step 2: Match the machine type to the required properties

• Gears: Subjected to extreme crushing forces. Require Extreme Pressure (EP) additives and
high viscosity to prevent the oil from squeezing out.

• Cutting Tools (Machining): Generate immense heat. Primary need is cooling, secondary is
lubrication. Require Cutting fluids / Soluble oils (oil-in-water emulsions) that carry away heat
efficiently.

• Steam Turbines: Operate at high speeds in the presence of steam. Require oils with high oxidation
stability and a very low steam emulsion number so that any condensed water separates quickly
from the oil.

• Transformers: Fluid acts as an electrical insulator and coolant. Requires high dielectric strength,
zero moisture content, and low viscosity (for convection cooling).

Worked Example:

Lubricant Selection for a Steam Turbine Problem: A power plant is overhauling a steam turbine. The
maintenance team must choose between Oil X (Emulsion number = 30 seconds) and Oil Y (Emulsion
number = 400 seconds). Both have similar viscosity and flash points. Which should they choose and why?
Solution:

1. Identify the environment: Steam turbines frequently experience steam leaks, mixing water with
the oil.

2. Match the property: The oil must separate from water as quickly as possible to maintain lubrication.
A low steam emulsion number indicates rapid separation.

3. Conclusion: Select Oil X (30 seconds). Oil Y (400 seconds) would form a stable emulsion with the
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water, losing its lubricating properties and causing the turbine bearings to fail.

Worked Example:

Coolant/Lubricant Selection for Metal Cutting Problem: A lathe operator is cutting hard steel, which
generates smoke and intense heat at the tool tip, dulling the tool rapidly. They are currently applying pure
mineral oil. How should the operator solve this?
Solution:

1. Identify the failure: Pure mineral oil provides good lubrication but has very poor heat-dissipation
(cooling) properties.

2. Select the appropriate fluid: Metal cutting requires a fluid with high specific heat capacity to
carry away thermal energy.

3. Action: Switch to an emulsion (soluble oil) consisting of water mixed with a small percentage
of oil and emulsifiers. The water provides excellent cooling, while the oil droplets provide boundary
lubrication, extending tool life and preventing smoke.

5.5 Evaluating the Use of Biodegradable Lubricants

Methodology:

How to assess the need for Biodegradable Lubricants Step 1: Determine the environmental sensitivity
of the application
If the machinery operates in sensitive environments (e.g., marine ecosystems, forests, agriculture, or near
drinking water reservoirs), environmental impact is a primary constraint.
Step 2: Identify if the system is a "Total Loss" system
Total loss systems (e.g., chainsaw chains, two-stroke outboard motors, wire ropes) consume oil and deposit
it directly into the environment by design.
Step 3: Select the appropriate biodegradable alternative
If criteria from Step 1 or 2 are met, replace conventional mineral oils with biodegradable lubricants
(such as synthetic esters or vegetable-based oils) which decompose rapidly and are non-toxic to aquatic and
plant life.

Worked Example:

Lubricant Choice for Marine Applications Problem: A company operates a fleet of dredging ships in a
protected marine sanctuary. The hydraulic cranes on the ships occasionally suffer burst hoses, spilling
hydraulic fluid directly into the ocean. How should the maintenance protocol be modified to mitigate this
problem?
Solution:

1. Identify the environment: Protected marine sanctuary (highly sensitive).

2. Identify the risk: Accidental spills of conventional mineral hydraulic oil will cause toxic pollution
and incur severe regulatory fines.

3. Action: Drain all conventional hydraulic fluid and replace it with a biodegradable hydraulic fluid
(e.g., vegetable oil-based or synthetic ester). In the event of a burst hose, the biodegradable oil will
break down naturally without harming the marine ecosystem.
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