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Course Objectives 

1- Understand the basics of diffusion.

2- Estimate Molar fluxes in convective and 

inter-phase mass transfer.

3- Explain the concept of diffusion theories.

4- Learn how to calculate mass transfer rates in 

multiple unit operations.
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Resources

- Coulson, J. M & Richardson J. F. (2006). “Chemical engineering, Volume 1”, 

3P rdP Edition, Robert Maxwell. M. C. 

- Dutta Binary K. (2007), “Principles of Mass Transfer & Separation Process”, 

Bvt. Ltd. Prentice Hall, ISPN 8-1203-2990-2. 

- Treybal Robert E. (1975), “Mass transfer Operation” 2ed Edition, Mc-Graw-Hill 

Book. 

- McCabe, W., Smith, J., Harriott, P. (2004), “Unit Operations of Chemical 

Engineering”, M Graw-Hill Co., 7P thP Edition, ISBN0072848235.
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Topics

- Definitions

- Diffusion in binary gaseous

- Diffusion in multi-component mixtures

- Diffusion in liquids

- Diffusion in solids

- Diffusion theories

- Diffusion resistances

- Unsteady state mass transfer
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Definitions

Chemical Engineering

Is a discipline of engineering that deals with transforming raw materials into

products employing a variety of processes (unit operations), including fluid

mechanics, heat transfer, mass transfer, and others.

Chemical Engineers

Develop, design, and operate chemical manufacturing processes. Chemical

engineers use the principles of chemistry, physics, and engineering to design

equipment and unit operations for manufacturing products.



10/18/2024

4

DR. ALJAAFARI 7

Definitions

Unit Operations

The physical operation for

manufacturing chemicals deals

mainly with the transfer and

change of materials and energy

principles by physical and physical-

chemical means such as mass,

heat, and momentum transfer

Classification of Unit Operations

Process Type Type of Transfer

- Mass Transfer

- Heat Transfer

- Momentum Transfer

With Chemical 
Reaction

Without Chemical 
Reaction

Oxidation Nitration Distillation Absorption

DR. ALJAAFARI 8

Definitions

Mass Transfer is the movement of molecules or atoms from one location to

another, driven by a concentration difference. It occurs in processes like diffusion,

evaporation, and absorption, and is essential in many chemical engineering

operations where substances need to be separated or mixed.

𝑅𝑎𝑡𝑒 𝑜𝑓 𝑇𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑝𝑟𝑜𝑐𝑒𝑠𝑠  α  
𝐷𝑟𝑖𝑣𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒 

𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒
………… General

𝒯 = − 𝜂 
𝑑𝑢

𝑑𝑧
𝐽஺ = − 𝐷஺஻

𝑑𝐶஺

𝑑𝑧
𝑞 = −𝑘

𝑑𝑇

𝑑𝑧
𝑁𝑒𝑤𝑡𝑜𝑛ᇱ𝑠 𝐿𝑎𝑤

Momentum Transfer
𝐹𝑖𝑐𝑘′𝑠 𝐿𝑎𝑤

Mass Transfer
𝐹𝑜𝑢𝑟𝑖𝑒𝑟′𝑠 𝐿𝑎𝑤
Heat Transfer
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Important Laws

1- 𝑰𝒅𝒆𝒂𝒍 𝒈𝒂𝒔 𝒍𝒂𝒘 (𝑩𝒐𝒚𝒍𝒆ᇱ𝒔 𝒍𝒂𝒘) 

   𝑃𝑉 = 𝑛𝑅𝑇
R = gas constant 

= 8314  ௠య. ௣ೌ

௄௠௢௟ . ௄

= 0.082 ௠య. ௔௧௠

௄௠௢௟ . ௄

             
௉భ .௏భ

భ்
= ௉మ .௏మ

మ்

2- 𝑰𝒅𝒆𝒂𝒍 𝑮𝒂𝒔 𝑴𝒊𝒙𝒕𝒖𝒓𝒆 (𝑫𝒂𝒍𝒕𝒐𝒏ᇱ𝒔 𝒍𝒂𝒘) 

   𝑃௧= 𝑃ଵ + 𝑃ଶ + 𝑃ଷ + …….. = ∑ 𝑃௜

        𝑃௧ = Total Pressure
𝑃௜ = Partial Pressure of component (𝑖)

        𝑃௜ = 𝑃௧ . 𝑦௜

   𝑦௜= Mole fraction of component (𝑖)

3- 𝑰𝒅𝒆𝒂𝒍 𝑳𝒊𝒒𝒖𝒊𝒅 (𝑹𝒂𝒖𝒍𝒕′𝒔 𝒍𝒂𝒘) 

𝑃௜ = 𝑃௜
°. 𝑥௜

𝑃௜ = Partial Pressure of component (𝑖)
𝑃௜

°= Vapor Pressure of component (𝑖)
   𝑥௜= Mole fraction of component (𝑖) in liquid phase

4- 𝐍𝐨𝐧 − 𝑰𝒅𝒆𝒂𝒍 𝑴𝒊𝒙𝒕𝒖𝒓𝒆 (𝑯𝒆𝒏𝒓𝒚′𝒔 𝒍𝒂𝒘) 

𝑃௜ = 𝐻. 𝑥௜

         𝐻= Henry’s Constant

5- 𝑬𝒒𝒖𝒊𝒍𝒃𝒊𝒓𝒊𝒖𝒎 𝑪𝒐𝒏𝒔𝒕𝒂𝒏𝒕

𝑦௜ = 𝐾௜ . 𝑥௜

6- 𝑹𝒆𝒍𝒂𝒕𝒊𝒗𝒆 𝑽𝒐𝒍𝒂𝒕𝒊𝒍𝒊𝒕𝒚 𝜶𝑨𝑩

α஺஻ =  ௄ಲ

௄ಳ
 =  

೤ಲ
ೣಲ

ൗ
೤ಳ

ೣಳൗ
=   ௉ಲ

°

௉ಳ
°
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Concentration, Velocity and Flux

1- 𝑪𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒐𝒊𝒏 expressed as:

  𝜌௜  = 𝑀𝑎𝑠𝑠 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑖 
௄௚

௠య

𝜌௧ = 𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 
௄௚

௠య =  ∑ 𝜌௜ .𝑦௜

𝜔௜  =
ఘ೔

ఘ೟
𝑀𝑎𝑠𝑠 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 ; ∑ 𝜔௜ = 1

𝐶௜  = 𝑀𝑜𝑙𝑎𝑟 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑖 
௄௠௢௟

௠య

𝐶௧ = 𝑇𝑜𝑡𝑎𝑙 𝑚𝑜𝑙𝑎𝑟 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 
௄௠௢௟

௠య =  ∑ 𝐶௜ . 𝑋௜

𝑋௜  =
஼೔

஼೟
𝑀𝑜𝑙𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 ; ∑ 𝑋௜ = 1

Note

• Gas mole fraction is expressed 𝑦௜  =
௉೔

௉೟

• Liquid mole fraction is expressed 𝑋௜  =
஼೔

஼೟

2- 𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 𝒆𝒙𝒑𝒓𝒆𝒔𝒔𝒆𝒅 𝒂𝒔: 

𝑀𝑎𝑠𝑠 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑢 =  
ଵ

ఘ೟
.  ∑ 𝜌௜ . 𝑢௜

𝑀𝑜𝑙𝑎𝑟 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑈 =  
ଵ

஼೟
.  ∑ 𝐶௜ . 𝑢௜

3- 𝑭𝒍𝒖𝒙 𝒊𝒔 𝒆𝒙𝒑𝒓𝒆𝒔𝒆𝒅 𝒂𝒔 

Flux is a measure of the quantity of material 
(mass, moles, or volume) moves through a given area 
per unit time.

Mathematically Flux = ஺௠௢௨௡௧ ௢௙ ௦௨௕௦௧௔௡௖௘ ௧௥௔௡௦௙௘௥௥௘ௗ

஺௥௘௔  .   ்௜௠௘

• Mass flux expressed in (
௄௚

௠మ.ௌ௘௖
)

• Molar flux expressed in (
௄௠௢௟

௠మ.ௌ௘௖
)
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Example (1)
A gas mixture (N₂ = 5%, H₂=15%, NH₃ = 76% and Ar = 4 %) flows through a pipe of  25.4 mm in diameter at 4.05 
bar total pressure. If the velocities of the components are 0.03, 0.035, 0.03, and 0.02 m/s, respectively.
Calculate: Mass avg. , Molar avg., and Volume avg. velocities of the mixture?
Given that: Mwt for N₂ =28, NH₃ = 17, Ar = 40 ( ௄௚

௄௠௢௟
)

Solution

- Mass avg. velocity u = ଵ

ఘ೟
.  ∑ 𝜌௜ . 𝑢௜ ;            𝜌௜ =

௉೔ . ெ௪௧೔

ோ .்
;            𝜌௧ =

௉೟ . ெ௪௧೟

ோ .்

𝑢 =
ோ .்

௉೟. ெ௪௧೟
(௉భ. ெ௪௧భ

ோ .்
 . 𝑢ଵ +

௉మ. ெ௪௧మ

ோ .்
 . 𝑢ଶ +

௉య. ெ௪௧య

ோ .்
 . 𝑢ଷ +

௉ర. ெ௪௧ర

ோ .்
 . 𝑢ସ)                                      ;                   𝑦௜ =

௉೔

௉೟

𝑢 =
ଵ

 ெ௪௧೟
(𝑦ଵ. 𝑀𝑤𝑡ଵ. 𝑢ଵ + 𝑦ଶ. 𝑀𝑤𝑡ଶ. 𝑢ଶ + 𝑦ଷ.  𝑀𝑤𝑡ଷ. 𝑢ଷ + 𝑦ସ.  𝑀𝑤𝑡ସ. 𝑢ସ)                                 ;   𝑀𝑤𝑡௧ =  ∑ 𝑦௜. 𝑀𝑤𝑡௜

 𝑀𝑤𝑡௧ = y₁ . Mwt₁ + y₂ . Mwt₂ + y₃ . Mwt₃ + y₄ . Mwt₄

= 0.05 × 28 + 0.15 × 2  + 0.76 × 17 + 0.04 × 40          →  𝑀𝑤𝑡௧ = 16.22
௄௚

௄௠௢௟

𝑢 =
ଵ

ଵ଺.ଶଶ
(0.05 × 28 × 0.03 + 0.15 × 2 × 0.035 + 0.76 × 17 × 0.03 + 0.04 × 4 × 0.02)    →       𝑢 = 0.029 m/sec.
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Example (1)

Solution

- Molar avg. velocity U = ଵ

஼೟
.  ∑ 𝐶௜ . 𝑢௜

= ଵ

஼೟
(C₁ . u₁ + C₂ . u₂ + C₃ . u₃ + C₄ . u₄) 

For gases                      𝑦௜= 𝑥௜ =
஼೔

஼೟

U = 0.05 * 0.03 + 0.15 * 0.035 + 0.76 * 0.03 + 0.04 * 0.02
U = 0.0303 m/sec

- Volume avg. velocity 

For gases         (Volume avg. velocity = Molar avg. velocity)

H.W. 1
Prove that 

𝑈௧ = 𝑥௔. 𝑢௔ + 𝑥௕. 𝑢௕


