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What we will cover 

By the end of this lecture you’ll be able to: 
 
Start to know what you don’t know 
 
Think of alternative separation strategies 
 
Recognize Vocabulary: Phase-change separations? Distillation, crystallization,    
     membrane separation, centrifugation, adsorption and phase transfer,  
 
Understand why all separations come with a cost 
 
Start thinking of comparing and contrasting 
 
Get familiar with the dangers but also possibilities of 
    drinking from a dirty pool of water 
 



Recommended Reading 

Applications in courseworks:  
Surviving in Space,  
Surviving on a desert island without fresh water 
Generating power from fresh and salty water, 
Etc. 

Available on Knovel – in the library: 
De Haan & Bosch, Industrial Separation Processes, 2013, de Gruyter (Berlin) 
 
Distillation Fundamentals and Principles, Gorak & Sorensen, eds., 2014, Elsevier 
 
Reactive & Membrane-Assisted Separations, Lutze & Gorak, eds., 2016, de Gruyter 
 
Also from 
Seader, Henley, & Roper, Separations Process Principles, 2011, Wiley 
 
 
Will assign pre-class reading -> will have a chance to discuss problems in class 
 



Goals: Five basic separation methods:  Learn and Explain how they work. 
They are (Seader, p.6) : 
1. separation by phase creation 
2. separation by phase addition 
3. separation by barrier 
4. separation by solid agent 
5. separation by force field or gradient. 
 
 

Introduction 



Oil Refinery – oil fractionation 

Some important bulk thermodynamic and transport properties are:  
Vapor pressure, Adsorptivity, Solubility and Diffusivity.  
Differences in bulk properties result from molecules with different properties, such as: 
 Molecular weight   Polarizability 
 Van der Waals volume  Dielectric constant 
 Van der Waals area  Electric charge 
 Molecular shape   Radius of gyration 
 Dipole moment 
 

Introduction 

Sugar from Sugar Beets 



Conceptual Framework 
What do you already know about separation? 
 
Coloring flowers – which processes involved? 
 
Wearing face mask in polluted air? 
 
Carrots in oil – oil is orange – why? 
 
Phase transformation by itself – not enough – Honey freezing. 
 
Drying foods -> solar, thermal,,,  (to preserve) 
 
What’s another preservation method – salt…  -> cure, pickle 
   
We smell food, we also smell ourselves 
  Oil – we eat, but we also secrete. 
 
Phase transfer - Washing – hands, hair, clothes.. Same 
 



Conceptual Framework 

Applications: Surviving in Space, on a desert island without fresh water 
 

What do you already know about separation? 
 
Washing rice – with  a strainer 
Letting aerated water clear: 
Separating fat from milk:  
Boiling water out to concentrate a meal: 
Selectively crystallizing something in cooking? 
 
Purifying water: Filter, added salts + precipitation,  
   Filter sterilization?, Boiling? Distillation? 
 
Sometimes components are so small, need a molecular filter. 
 
Separation of liquids by distillation 
 
Milk? As a separator? 



How to Deal with a Hot Meal 

Molecular Structure - Capsaicin 

Molecular weight7: 305.462 g/mol 
Solubility (water)7: 10.3 mg/L at 25 °C 
Octanol-Water Partition Coefficient (Kow)7: 3.04 

Arg-tyr-leu-gly-tyr-leu; Alpha-Casein(90-95); 
Molecular Formula: C38H57N9O9 
Molecular Weight: 783.928 g/mol 

http://npic.orst.edu/factsheets/archive/Capsaicintech.html
http://npic.orst.edu/factsheets/archive/Capsaicintech.html
http://npic.orst.edu/factsheets/archive/Capsaicintech.html


Tutorial 1: Osmosis calculations 
Pressure from differences in concentration of solute 

Reverse Osmosis –  
Can counteract that with 
Hydrostatic pressure! 

12% Sugar 
by wt  
(MW = 
342 g/mol) 
Posm=? 
 
 

R = 0.082 L atm K−1 mol−1 

C is in mole/L (count each ion) 

P is in atmospheres. 1atm = 105 Pa  



2. For blood transfusions, so your red blood cells don’t explode, 
you need Sodium Chloride 0.9% intravenous infusion is 
an isotonic solution, with an approximate osmolarity of 308 
mOsm/l. You have many bags of isotonic solution, but you 
need fresh drinking water from them. 
 
How much minimum pressure do you need to purify this 
solution by reverse osmosis? 
 
What about starting from sea water? 

Osmosis – practice that could save a life 



Separations and Syllabus Goals 

Applications: Surviving in Space, on a desert island without fresh water 
 

Obtain Quantitative Understanding of the following processes: 
Filtration 
Aggregation 
Centrifugation 
Crystallization (controlled freezing) separation 
Adsorption 
Leaching (extracting metals from ores, making coffee) 
Osmosis 
   Forward Osmosis 
   Reverse Osmosis 
Ion-exchange membranes 
 
Drying 
 
Distillation (controlled evaporation and condensation) 
  and the many kinds of distillation 



Water Processing  
can involve all of the following: 

Applications: Surviving in Space, on a desert island without fresh water 
 

Filtration 
Aggregation 
Centrifugation 
Crystallization (controlled freezing) separation 
Adsorption 
Leaching (extracting metals from ores, making coffee) 
Osmosis 
   Forward Osmosis 
   Reverse Osmosis 
 
Distillation (controlled evaporation and condensation) 
  and the many kinds of distillation 



Searching Scientific Literature 

Web of Science -> http://isiknowledge.com 
Google Scholar -> http://scholar.google.com 
 
Keywords 
Finding reviews – new concepts and keywords 
Sorting to find important articles 
 
How to get the articles  
How to read them – start with abstract (often you can stop there) 
 
Further searching – keywords, search, repeat 
 

http://isiknowledge.com/
http://isiknowledge.com/
http://scholar.google.com/
http://scholar.google.com/


Making Products, Making a Difference  

Water Purification for Disaster situations: 
 
How to make it: 
Cheap 
Safe 
Clear 
Good-tasting 
Easy to Deliver 
 
  and 
Extra benefits and 
Local considerations 
 
 

VS. 

VS. 





4L 
(8x0.5L) 

16L 
(10x1.6L) 

9L 38.3L 
(108x0.355L) 

$6/L $20/L $3.8/L $3.56/L 



http://skallywagtactical.com/product/seal-water-filter/ 



http://skallywagtactical.com/product/marine
r-f20-emergency-desalinator/ 

 
1.5L (3x0.5L) = $70, so  
$47/L 
That is £37 / L – ok to save your life but 
  not the kind of price you want to pay for water. 
 



Cost of Water 
Engineers sit in between studies of pure science and applications 
We must understand not only  
- Focused scientific studies but 
- Cross-disciplinary view of the problems 
- Scale-up 
- Process Efficiencies 
- Economics 
- Marketing 
- … 
- Applications 

An Engineer can make for a £1… what any fool can make for £2! 

£3.51/2000L =  
0.0017 £/L 

3.0 £/L 

https://www.thameswater.co.uk/ 

Local Utility Cost 

0.00013 £/L 

Entrepreneurs:  Read this and articles 
& patents citing it: New commercial 
cellulose acetate membrane for forward 
osmosis, Desalination 343 (2014) 187–193 
http://dx.doi.org/10.1016/j.desal.2013.11.026 



Membrane Separation 
Permeability 
Temperature 
Time 
 
Semi-permeability 
Fail pressure 
 
Pressure buildup? 
 
 

Where Jw is the water flux, A – membrane area, s – reflection coefficient,  
DP osmotic pressure and DP operating pressure 

For Forward Osmosis     DP = 0 
 
For Reverse Osmosis      DP > Dp 

 
For Pressure-retarded  
Osmosis (PRO)    Dp > DP  

Cath, Elimelech et al. / Journal of 
Membrane Science 281 (2006) 70–87 

JW = A (sDp – DP) 



Permeability 
Temperature 
Time 
 
Semi-permeability 
Fail pressure 
 
Pressure buildup? 
 
 

Forward Osmosis 
JW = A (sDp – DP), where DP = 0  

JW = A (sDp), and 

Dp = c R T, so 

JW = A s c R T 

If A and s are constant, and a bag fills at 25 oC in 

4 hrs, how long it would take to fill at 20 oC? 

HTI Sea Pack Crew instructions say: 

Hydration complete at 10 hrs at 20 oC and 

15 hrs at 5 oC.  

What does this say about s?  

Where Jw is the water flux, A – membrane area, s – reflection coefficient,  
DP osmotic pressure and DP operating pressure 



Centrifugation 

Stokes flow of particle with diameter (d) 

determines sedimentation velocity 
Driven from difference in densities, + depends 
on fluid viscosity (h) and acceleration (g) 

r p , r L are the particle and liquid densities. 

g = r w2, where r = radius of rotor, and 

                  w is angular velocity (rpm or Hz) 

If we need to settle something to the bottom of a 1cm vial, then instead of velocity, 

we need settling time.   Ssettle = Vg * tsettle 

Tsettle = Ssettle / Vg = 18 h Ssettle 

                                              d2 (r p – r L) g 
 



Centrifugation - Practice 
What is the sedimentation velocity 
Of an oil droplet with size 100 microns.  

r p , r L are 900 and 1000 kg/m3 (oil & water) 

g = r w2, your centrifuge runs at w = 2000 rpm 

And Ssettle= 1cm. How much time do you need? 

Tsettle = Ssettle / Vg = 18 h Ssettle 

                                              d2 (r p – r L) g 
 

What if  d = 10 mm?   
 
What about d = 1 mm?  



Filtration 

Efficiency of filter = % particles retained (of a given size) 
Efficiency vs. pressure drop (lower pressure is better) 



Cake                   vs.                Cross-flow  

Filter Porosity Filtrate Velocity 

Filtration – Caking and membranes 



Filtration – Quantitation 

Darcy’s Law 

Resistance due to filter medium 
And to cake (RM and RC) 

De Haan & Bosch, Industrial 
Separation Processes, 2013, Ch 10. 



Filtration – Quantitation 
Resistance due to caking 
Increases pressure, or 
At constant pressure –  
decreases flow 
 
Let’s find how quickly our filters 
will cake so we cannot get water 
out of them anymore. 

For next time, read Ch. 10 of 
De Haan & Bosch, Industrial Separation Processes, 2013, de Gruyter (Berlin) 

  




