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Importance of fouling

Energy: Power Stations

Water Treatment

Steam-electric power plants: 49% of electricity production (EU).
Water is used to cool surface condensers.

SURFACE CONDENSER

steam

(inleyy ~ vacuum condenser tube

<+ i fouling
:: cooling water layer

cooling water
outlet

cooling water

inlet condensate (outlet)

1 mm thick fouling layer = 1.5 % reduction in plant efficiency.
2017: 691 TWh of electricity generated from coal (EU).
Efficiency reduction = 8.7 million tons of hard coal (EU).

https://www.eea.europa.eu/

Water scarcity: 1% of the water on earth is usable freshwater—has
to support all terrestrial life and industries.

MEMBRANES

clean fouled

Membrane fouling:
Major barrier for emerging desalination technologies based on solar
energy.

Tijing et al. / J. of Membrane Sci. 475 (2015) 215-244

ETH:zlrich Thomas Schutzius, Multiphase Thermofluidics and Surface Nanoengineering
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Can we rationally engineer surfaces to be intrinsically Scale-phobic?

Critical Fouling Process: Scaling State-of-the-art, Aim, and Challenge

B\ % Ve

water flow State-of-the-art: Acids, antiscalants, w -
Modify water -

growing deposit: limewater, ion exchange, etc.

heat flow Scale

precipitation:
ions 4 _

Aim: Develop a surface that is intrinsically
Scale-phobic.

substrate Targeting a passive, sustainable

approach.

Important Scale:
Calcium
carbonate

Challenge: Unclear relationship between substrate, environment,
and scaling.

We lack detailed knowledge on individual crystallite layer
behavior and related interfacial transport phenomena on surfaces.

| o R
Polymorphs: Different solubility,
mechanical properties, and stability

ETHz(rich Thomas Schutzius, Multiphase Thermofluidics and Surface Nanoengineering 24.09.2020



Background

Knowledge-base

freezing nano-enabled

condensation

MEASUREMENTS

traction applied

TR 20um
crystallization

fouling 3D traction force microscopy: Measuring micro/
nanoscale adhesion

Fundamental investigations on interfacial
transport phenomena and thermodynamics
(phase change) in the presence of
nanoengineered surfaces.

Rational Surface Nanoengineering: Intrinsic
icephobicity, anti-fogging, and condensation
enhancement.

Goal: Produce transformational performance
enhancements for water and energy
applications.

ETHz(rich

Thomas Schutzius, Multiphase Thermofluidics and Surface Nanoengineering
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Thank you for your attention!

Professor Thomas Schutzius
thomschu@ethz.ch

ETH Zurich

Institute of Energy and Process Engineering
ML J 27.2

Sonneggstrasse 3

8092 Zurich

www.thermofluidics.ethz.ch
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