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Fundamental Equation 
𝑑𝑁𝐴
𝑑𝑡

= 𝐹𝐴0 − 𝐹𝐴 +∫ 𝑟𝐴𝑑𝑉
𝑉

 

Design Equations 
 Conversion Basis Molar Basis 

Batch 𝑁𝐴0
𝑑𝑋

𝑑𝑡
= −𝑟𝐴𝑉 𝑡1 = 𝑁𝐴0∫

𝑑𝑋

−𝑟𝐴𝑉

𝑋

0

 
𝑑𝑁𝐴
𝑑𝑡

= 𝑟𝐴𝑉 𝑡1 = ∫
𝑑𝑁𝐴
−𝑟𝐴𝑉

𝑁𝐴0

𝑁𝐴1

 

CSTR 𝑉 =
𝐹𝐴0(𝑋𝑜𝑢𝑡 − 𝑋𝑖𝑛)

−𝑟𝐴𝑜𝑢𝑡
 𝑉 =

𝐹𝐴𝑖𝑛 − 𝐹𝐴𝑜𝑢𝑡
−𝑟𝐴𝑜𝑢𝑡

 

PFR 𝐹𝐴0
𝑑𝑋

𝑑𝑉
= −𝑟𝐴 𝑉1 = 𝐹𝐴0∫

𝑑𝑋

−𝑟𝐴

𝑋𝑜𝑢𝑡

𝑋𝑖𝑛

 
𝑑𝐹𝐴
𝑑𝑉

= 𝑟𝐴 𝑉1 = ∫
𝑑𝐹𝐴
−𝑟𝐴

𝐹𝐴0

𝐹𝐴1

 

PBR 𝐹𝐴0
𝑑𝑋

𝑑𝑊
= −𝑟𝐴

′ 𝑊1 = 𝐹𝐴0∫
𝑑𝑋

−𝑟′𝐴

𝑋𝑜𝑢𝑡

𝑋𝑖𝑛

 
𝑑𝐹𝐴
𝑑𝑊

= 𝑟𝐴
′ 𝑊1 = ∫

𝑑𝐹𝐴
−𝑟′𝐴

𝐹𝐴0

𝐹𝐴1

 

 

Ideal gas law:   𝑝𝑉 = 𝑛𝑅𝑇    𝑅 = 8.314
𝐽

𝑚𝑜𝑙.𝐾
= 1.987

𝑐𝑎𝑙

𝑚𝑜𝑙.𝐾
   

 

Arrhenius Equation: 𝑘𝐴(𝑇) = 𝐴 ∙ exp [
𝐸𝐴

−𝑅𝑇
]  𝑘𝐴(𝑇) = 𝑘𝐴(𝑇0) ∙ exp [

𝐸𝐴

𝑅
(
1

𝑇0
−
1

𝑇
)] 

    𝐾𝐶(𝑇) = 𝐾𝐶(𝑇0) ∙ exp [
𝛥𝐻𝑟𝑥𝑛

𝑜

𝑅
(
1

𝑇0
−
1

𝑇
)] 

 
Stoichiometry: 

For Reaction: 𝑎𝐴 + 𝑏𝐵 → 𝑐𝐶 + 𝑑𝐷 Liquid Phase: 𝐶𝑖 = 𝐶𝐴0(Θi − 𝑣𝑖𝑋) 
 

Gas Phase: 𝐶𝑖 =
𝐶𝐴0(Θ𝑖+𝑣𝑖𝑋)

1+𝜀𝑋
(
𝑃

𝑃0
) (

𝑇0

𝑇
) 𝑣 = 𝑣0(1 + 𝜀𝑋) (

𝑇

𝑇0
) (

𝑃0

𝑃
) 

 

Θ𝑖 =
𝐹𝑖0

𝐹𝐴0
=

𝐶𝑖0

𝐶𝐴0
=

𝑦𝑖0

𝑦𝐴0
   𝛿 =

𝑑

𝑎
+
𝑐

𝑎
−
𝑏

𝑎
− 1  𝜀 = 𝑦𝐴0𝛿 

 
 
Packed Beds: 

𝑑𝑃

𝑑𝑧
= −

𝐺

𝜌𝑔𝑐𝐷𝑃
(
1 − 𝜙

𝜙3
) [
150(1 − 𝜙)𝜇

𝐷𝑃
+ 1.75𝐺] 

𝑑𝑃

𝑑𝑊
= −

α

2

𝑃0
𝑃 𝑃0⁄

(
𝑇

𝑇0
) (1 + 𝑦𝐴0𝛿𝑋) 

 

β0 = −
𝐺

𝜌0𝑔𝑐𝐷𝑃
(
1 − 𝜙

𝜙3
) [
150(1 − 𝜙)𝜇

𝐷𝑃
+ 1.75𝐺] 𝛼 =

2𝛽0
𝐴𝐶𝜌𝑐(1 − 𝜙)𝑃0

 𝑑𝑊 = (1 − 𝜙)𝐴𝐶𝜌𝑐 𝑑𝑧 

 

If isothermal and 𝛿 = 0 or 𝑋 is very small:  
𝑃

𝑃0
= (1 − 𝛼𝑊)1 2⁄  

 
Energy Balance  

𝑑𝐸̂𝑠𝑦𝑠
𝑑𝑡

= 𝑄̇ − 𝑊̇𝑠 +∑𝐹𝑖𝐻𝑖|
𝑖𝑛
−∑𝐹𝑖𝐻𝑖|

𝑜𝑢𝑡
 

laminar turbulent
e 
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PFR with heat exchange 

𝑑𝑇

𝑑𝑉
=

𝑟𝐴∆𝐻𝑅𝑥⏞    

𝑄𝑔
𝐻𝑒𝑎𝑡 "𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑"

− 𝑈𝑎(𝑇 − 𝑇𝑎)⏞      

𝑄𝑟
𝐻𝑒𝑎𝑡 "𝑅𝑒𝑚𝑜𝑣𝑒𝑑"

Σ𝐹𝑖𝐶𝑃𝑖
 

 
Unsteady State CSTR and Semibatch 
 

𝑑𝑇

𝑑𝑡
=
𝑄̇ − 𝑊̇𝑠 − ∑ 𝐹𝑖0𝐶𝑃𝑖(𝑇 − 𝑇0) + (−∆𝐻𝑅𝑥)(−𝑟𝐴𝑉)

Σ𝑁𝑖𝐶𝑃𝑖
 

 
Multiple Reactions: 
Selectivity and Yield 

Instantaneous Selectivity 𝑆𝐷/𝑈 = 
𝑟𝐷
𝑟𝑈⁄  

Overall Selectivity 𝑆̃𝐷/𝑈 = 
𝐹𝐷

𝐹𝑈
⁄  

Instantaneous Yield 𝑌𝐷/𝐴 = 
𝑟𝐷
−𝑟𝐴⁄  

Overall Yield 𝑌̃𝐷/𝑈 = 
𝐹𝐷

𝐹𝐴0 − 𝐹𝐴
⁄  

 
External and Internal Diffusion: 

𝑊𝐴𝑍 = 𝑘𝑐(𝐶𝐴𝐵 − 𝐶𝐴𝑆) 

 𝑆𝑦𝑠𝑡𝑒𝑚 𝑤𝑖𝑡ℎ 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑛𝑙𝑦 𝑜𝑛 𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎: 𝐶𝐴𝑆 =
𝑘𝑐

𝑘" + 𝑘𝑐
𝐶𝐴𝐵 

 

𝑅𝑒 =  
𝜌𝑈𝑑𝑝

𝜇
 𝑆ℎ =  

𝑘𝑐𝑑𝑝

𝐷𝐴𝐵
 

 

𝑆𝑐 =  
𝜈

𝐷𝐴𝐵
 

Correlation for flow around a sphere: 𝑆ℎ = 2 + 0.6𝑅𝑒1/2𝑆𝑐1/3 
 

𝜂 =
𝑟𝑜𝑏𝑠

𝑟𝑚𝑎𝑥
=
tanh (𝜙1)

𝜙1
 , 𝜙1 = 𝐿𝑃√

𝑘

𝐷𝐴𝐵
𝑒    𝑤ℎ𝑒𝑟𝑒    𝐷𝐴𝐵

𝑒 =
𝐷𝐴𝐵𝜙𝑝𝜎𝑐

𝜏̃
 

 

𝑎𝑛𝑑   𝐿𝑃 = 𝑥𝑃 (𝑠𝑙𝑎𝑏),
𝑅𝑃

3
 (𝑠𝑝ℎ𝑒𝑟𝑒),

𝑅𝑃

2
(𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟)    

 
Enzyme Kinetics: 

For Steady State System in Single Phase 

0 = 𝑄̇ − 𝑊̇𝑠 − 𝐹𝐴0∑Θ𝑖𝐶𝑃𝑖(𝑇 − 𝑇𝑖0) − ∆𝐻𝑅𝑥(𝑇)𝐹𝐴0𝑋

𝑛

𝑖=1

 

where 𝐻𝑅𝑥(𝑇) = ∆𝐻𝑅𝑥
𝑜 (𝑇𝑅) + Δ𝐶𝑝⏟

∑𝜈𝑖𝐶𝑃𝑖

(𝑇 − 𝑇𝑅) 

 
 

Adiabatic System (CSTR, PFR, PBR, Batch) 

Conversion 

𝑋 =
ΣΘ𝑖𝐶𝑃𝑖(𝑇 − 𝑇0)

−[Δ𝐻𝑅𝑥
° (𝑇𝑅) + ∆𝐶𝑃(𝑇 − 𝑇𝑅)]

 

Temperature 

𝑇 =
𝑋[−Δ𝐻𝑅𝑥

° (𝑇𝑅)] + ΣΘ𝑖𝐶𝑃𝑖𝑇0 + 𝑋∆𝐶𝑃𝑇𝑅

ΣΘ𝑖𝐶𝑃𝑖 + 𝑋∆𝐶𝑃
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 𝑀𝑖𝑐ℎ𝑎𝑒𝑙𝑖𝑠 − 𝑀𝑒𝑛𝑡𝑒𝑛 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛: 𝑟𝑝𝑟𝑜𝑑𝑢𝑐𝑡 =
𝑉𝑚𝑎𝑥[𝑆]

𝐾𝑀+[𝑆]
 

 

Lineweaver-Burke Analysis: 
1

𝑟𝑝
 𝑣𝑒𝑟𝑠𝑢𝑠

1

[𝑆]
 

 
Integrals: 

∫ 𝑥𝑎𝑑𝑥
𝑋

0

=
𝑥𝑎+1

𝑎 + 1
, 𝑎 ≠ −1 

∫ 𝑥−1𝑑𝑥
𝑋

0

= ln(𝑥) 

∫
𝑑𝑋

1 − 𝑋

𝑋

0

= ln (
1

1 − 𝑋
) 

∫
𝑑𝑋

(1 − 𝑋)2

𝑋

0

=
𝑋

1 − 𝑋
 

∫
𝑑𝑋

1 + 𝜀𝑋

𝑋

0

=
1

𝜀
ln(1 + 𝜀𝑋) 

∫
1 + 𝜀𝑋

1 − 𝑋

𝑋

0

𝑑𝑋 = (1 + 𝜀)ln (
1

1 − 𝑋
) − 𝜀𝑋 

∫
1 + 𝜀𝑋

(1 − 𝑋)2

𝑋

0

𝑑𝑋 =
(1 + 𝜀)X

1 − 𝑋
− εln (

1

1 − 𝑋
) 

∫ (1 − 𝛼𝑊)1/2𝑑𝑊
𝑊

0

=
2

3𝛼
[1 − (1 − 𝛼𝑊)3/2] 

∫
(1 + 𝜀𝑋)2

(1 − 𝑋)2
𝑑𝑋

𝑋

0

= 2𝜀(1 + 𝜀)ln(1 − 𝑋) + 𝜀2𝑋 +
(1 + 𝜀)2𝑋

1 − 𝑋
 

∫
𝑑𝑋

(1 − 𝑋)(Θ𝐵 − 𝑋)

𝑋

0

=
1

Θ𝐵 − 1
ln (

Θ𝐵 − 𝑋

Θ𝐵(1 − 𝑋)
) , Θ𝐵 ≠ 1 

𝑑𝑦

𝑑𝑡
+ 𝑃(𝑡)𝑦 = 𝑄(𝑡), 𝐼(𝑡) = 𝑒∫𝑃(𝑡),

𝑑(𝑦𝐼(𝑡))

𝑑𝑡
= 𝑄(𝑡)𝐼(𝑡), 𝑦 =

1

𝐼(𝑡)
∫ 𝑄(𝑡)𝐼(𝑡)𝑑𝑡 

Roots for: ax2 + bx + c      
−𝑏 ± √𝑏2−4𝑎𝑐

2𝑎
 


