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A B bk 3% ( Mechanical energy transfer )
1. ¥/ ( Size reduction )
B #is/E3% ( Heat energy transfer )
2. S Ei ( Heat flow )
3. &% ( Evaporation )
I. B8
A BE &% ( Material handling )
4. FEpE (Fluid flow)
5. el (Transportatiorr of fluids )
6. HEmE ( Handling of solids)
B ¥'H £EkiE 4 ( Material separation and mixing )
7. WSy ( Size separation )
8. 3&yE ( Filtration )
9. JB4 ( Mixing )
C #FHEMEE (Molecular mass transfer )
10. 7242 ( Disitllation )
11. #Z<He ( Extraction )
12. #%& ( Crystallization )
13. ‘R BsR ik ( Gas absorption )
14. ¥4 ( Drying )
D @MY E43% (Gas phase mass transfer ) |
15. ‘FEEEE (Gas diffusion )
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16 B M5 7% (Humidity and air conditioning )
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A REBBNT (Substitution or Addition )
1. b ( Nitration )
2. 1i{t ( Halogenation )
3. 0 gaf;gi ( Hydrohalogenation )
4. TEEL (Sulfonation )
B &tk igt (Oxidation and Reduction )
5. ¥iE ( Combustion )
6. % ik ( Oxidation )
7. #®JE (Reduction )
8. &gt ( Oxidation-reduction )
C  #pg ( Carbon inc.reasing )
9. 3k ( Alkylation )
10. FE{t ( Acylation )
11. R4 ( Carboxylation )
12. E4# AL ( Diazotization )
D 433 ( Cracking )
13. 43 f# ( Decomposition )
14. 1842 ( Calcination )
15. 4k ( Pyrolysis )
16. E#43z4 ( Autothermic cracking )
E s ('Reforming )
17. %At ( Aromatization )
18. FE (b (Isomerization )
19. 5}&%3‘2@ ( Iop-exchange )
F #E% (Condensing )
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20. F# ( Condensation )
21. %4 (Polymerization )

G R FE (High pressure processes )
22. & ( Hydrogenation )
23. 24 ( Hydrogenolysis )
2. S ( Hydrocarbon synthesis )
25. Bt ( Hydroformylation )

H s#makik ( Salt formation or Dehydration )
26. 11 ( Neutralization )
27. §ykew ( Silicate formation )
28. ®4{t ( Esterification )
29. #i#:{t ( Caustization )
30. 7k## ( Hydrolysis )

.31. Jnk ( Hydration )
32. &% ( Ammonolysis )
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33. ARk ( microbial hydrolysis )
34. ’ﬁ%{é{{%éﬁ.ﬂj ( microbial oxidation )
35. #HiEM Y ( Microbial Amination )
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36. HEEE ( Fermentation )
37. H#4 5 ( Biosynthesis )
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38. #fEHF i ( Electrolytic deposition )

9. @ HREAL ( Electrolytic oxidation )

40. %5t ( Electrolytic reduction )

41. EBFEFE ( Electrothermal process )
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Unit Processes Chemical Peactions Involved
Chemical Processes
A Nitration Nitration

Halogenation - Substittion halogenation
Addition halogenation
Photohalogenation, Sandmeyer reaction
Dehalogenation, Wurtz reaction
Ullmann reaction, Wurtz- Fittig reaction

Tlydrohalogenation Hydrohalogenation
Hypohalite addition
Dehydro halogenation
Carbobenzoxy synthesis

Sulfonation Sulfonation, Sulfonalkylation
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Combustion

Oxidation

Reduction

Oxidation-Reaction

Alkylation

Acylation

Carboxylation

Diazotization
Decomposition
Calcination

Pyrolysis

Autothermic cracking
Aromatization

Isomerization

Ton-exchange

. Condensation

halogensulfonation, Strecher reaction
Desulfonation

Sulfation

Combustion

Oxidation, Peroxidation
Dehydrogenation

Reduction, Clemmesen reacticn
Amination by reduction
Deamination

Cannizzaro reaction

Alkylation, Fridel-Crafts hydrocarbon
synthesis

Grinard Reaction

Acylation, Fridel-Crafts ketone synthesis
Carboxylation, Kolbe reaction
Decarboxylation

Diazotization

Decomposition, Double decomposition
Calcination

Pyrolysis, Cracking

Autothermic cracking

Aromatization

Isomerization, Rerrangement
Interconversion

Ion-exchange

Condensation, Perkin reaction
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Polymerization

Hydrogenation

Hydrogenolysis

Hydrocarbon synthesis
Hydroformylation
Neutralization

Silicate formation
Esterization
Caustization

Hydrolysis

Hydration

Ammonolysis

Biochemical Processes

Microbial bydrolysis

Dien-synthesis, Aldol condensation
Coupling reaction, Polycondensation
Condensation polymerization
Addition polymerization
Depolymerization

Hydrogenation

Ammonia synthesis

Methanol synthesis

Destructive hydrogenation

Berguis process

Fischer-Tropsch process

Oxo0’ process

Neutralization
Silicate formation
Esterization
Caustization

Hydrolysis, Alkali fusion

" Aléoholysis

Hydration, etherification
Dehydration, Williamson synthesis
Amination

Bucherer reaction

Leather tanning

Retting of flex and hemp
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Microbial oxidation Aerobic dissimilation

Microbial amination ~ Glutamic acid fermentation
Fermentation Anerobic assimilation
Alcoholic fermentation
Biosynthesis Antibiotics preparation
Vitamins preparation
Electro Chemical Processes
Electrolytic deposition Electroplating, Electrorefining
Electrolysis of salts
Electrolytic oxidation Anodic oxidation
Electrolytic reduction Cathodic reduction
Electrothermal process Carbide formation
Electrothermal fusion
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CHEMICAL REACTIONS AND UNIT PROCESSES
Han-Ying Lee
Professor of Chemical Engineering

This is an attempt to classify the unit operations under two head-
ings: energy transfer and mass transfer; and to arrange all the prin-
cipal sixteen unit operations under six subheadings: mechanical. energy
transfers, heat energy transfer, material handling, material separation and

mixing, molecular mass transfer, and gas phase mass transfer.

In classifying and naming the unit processes, all chemical reactions
have been taken into consideration and have been classified under three
headings: chemical processes, biochemical processes and electrochemical
processes. Thirty-two chemical processes are arranged under eight sub-
headings: substitution or addition, oxidation and reduction, carbon in-
creasing, cracking, reforming, condensing, high pressure process, and
salt formation or dehydration. The biochemical processes are arranged
under the subheadings of: microbial hydrolysis, microbial oxidation,
microbial amination, fermentation and biosynthesis. The electrochemical
processes are arranged under the subheadings of: electrolytic deposition,

electrolytic oxidation, electrolytic reduction and electrothermal process.

A complete list of all the unit processes proposed and all the

chemical reactions involved is given.






