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 Field: (drinking water treatment processes)
 System: (multiphase flows)
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 Fluidisation: (liquid-solid = water-calcite pellets)
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 Background: (water cycle)
 Field: (drinking water treatment processes)
 System: (multiphase flows)
 Process: (softening) 
 Fluidisation: (liquid-solid = water-calcite pellets) OH- + HCO3

- ↔ CO3
2- + H2O

CO3
2- + Ca2+ → CaCO3↓
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- Hardness reduction to 1.4 mmol/L
- Reduces solubility of lead (public health) and copper (environment)
- Economic benefits and comfort

- Reduction of washing powder
- Increase life time hot water equipment
- Cleaner laundry, tasteful tea
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 Objectives:
• Increasing sustainability
• Reducing chemical use
• Improving water quality

 Method: improved model based on hydraulics (porosity)
 Focus: crystallisation on specific surface area
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Classical Richardson-Zaki equation ݊ = ۔ۖەۖ
ۓ ݐܴ݁ < 0.2, ݊ = 4.650.2 ≤ ݐܴ݁ < 1, ݊ = ݐܴ݁ 4.4 −0.031 ≤ ݐܴ݁ < 500, ݊ = ݐܴ݁ 4.4 ݐ0.1ܴ݁− ≥ 500, ݊ = 2.4  

  
General expression ݊ = ݐ1ܴ݁ܿ ܿ2  
  
Garside & Al-Dibouni equation ݊ܮ − ݊݊ − ݊ܶ = ߙ ݐܴ݁ ߚ  

  
Khan & Richardson ݊ܮ − ݊݊ − ݊ܶ = ߙ ߚݎܣ  
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Granular activated carbon 
filtration backwash:
ε ≈ 0.45

Pellet softening fluidisation:
ε ≈ 0.55
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ࢌ࢓
Minimum

fluidisation
velocity

࢚ Terminal 
velocity

Brown-Lawler (improved Schiller-Naumann)ܥ஽ = 24ܴ݁௧ 1 + 0.15ܴ݁௧଴.଺଼ଵ + 0.4071 + 8710ܴ݁௧

Carman-Kozenyܥ஽ = 180ܴ݁ఌ + 2.87ܴ݁ఌ଴.ଵ
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Index

݊ = log ܴ݁ఌ,௠௙ܴ݁௧ 1 − ௠௙logߝ ௠௙ߝ ܴ݁ఌ,௠௙ = ߟ௠௙ݒ௙݀௣ߩ 11 − ௠௙ߝ
ܴ݁௧ = ߟ௧ݒ௙݀௣ߩ

Interpolation
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஽ܥ = 180ܴ݁ఌ + 2.87ܴ݁ఌ଴.ଵ
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 10 sieved fractions
(0.4 < dz < 2.0 mm)

 4 temperatures
(5, 15, 25, 35 °C)

 25 ascending water flows
(0-180 m/h)
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૝. ૡ − ࢔࢔ − ૛. ૝ = ૙. ૙૚૞ ࢘࡭૙.૞ 
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minimum fluidisaƟon >100%→12% porosity >15%→3%
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 RZ models can be improved based on hydraulics principles i.e. 3 points (ε,v)
(0,0) (εmf, vmf) (ε→1, vt)

 Porosity can be predicted more accurately
 Recommendations:

• Model enhancement (more general)
• Identification of irregularly shaped particles
• Implications for specific surface area (Interfacial Area Density)
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 Profit: re-use calcite as a seeding material
- Cost reduction: 100.000 €/year (0,4%)
- Sustainability: 40.000 eco-points/year (5%)
- Valorisation:  high market segments: glass/paper/capet…
- Vision: possibilities introduction of process cycles in industry
- So much to learn…

- Legislation
- Hydraulic
- LCA calculation

The Calcite factory
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(circular economy)
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CFD oppertunities
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- Interstitial velocity versus terminal settling velocity
- Tortuosity versus ratio terminal and interstitial velocity 
- Influence of the geometric representation (shape) on the specific surface area
- Particle interactions and collisions versus drag
- Relevant forces buoyancy, gravity and friction
- Surface roughness impact
- …

Any suggestions are welcome.
Please mail me at: o.j.i.kramer@tudelft.nl
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