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Fouling ...
‘the perennial problem of pasteurisation’

Milk + heat = micro-organism +
(proteins, minerals) death

The antifouling heat exchanger = the Holy Grail

— Does it exist?
— How close can we get?

Fouling : mitigation

Mechanisms
— Protein denaturation & aggregation
— Inverse solubility of calcium phosphates
— Attachment

Quandaries
— Attachment vs aggregation
— Interaction with surfaces
— Interaction with each other

 Not solved at the detailed science level

Fouling : exploiting our understanding
First and second order models exist
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— Fryer & co-workers \ \

— de Jong & co-workers \« \\

Identified:

+ Key temperature ranges

« Importance of fluid velocity on
heat transfer
mass transfer
attachment

* Key design features

Incorporate into simulations of processes and units

Simulation

Process level

— temperature matching
— holding sections

— capacity changes
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Unit level

— CFD of process equipment now feasible
— PC power improving

— Identify good designs: tailored to application = #esssadaiss

— Prediction : emphasis now shifted back to
fouling and £ models

Back to basics

« Improved experimental techniques
— Nano-scale detail
— Better data (e.g. heat flux sensors)
— PCs : couple with plant data

» Improved experimental systems
— Model solutions

— Chemistry and biochemistry

+ But little on fouling-cleaning interactions




Mitigation technologies

« Can't change the process = change the unit
— Better design
— Exploit velocity effects in attachment
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— Change the nature of attachment = change the
surface

* Geothermal systems
« Crystallisation fouling

Attachment a f(surface energy, roughness, moiety, shape)

Tailored nano-structured surfaces
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Surface treatment of stainless steels

—ion implantation SiF3*, MoS,2*

— diamond-like carbon

— plasma enhanced CVD

— silica surfaces: hard glass (PECVD) and sol-gel
(hydrophobic & -philic)

—Tefon by autocatalytic Ni-P-PTFE deposition
(hydrophobic non-stick)

— Excalibur®

— Xylan®

* Rigorous characterisation and study of 4-lg
adsorption, fouling & cleaning

Published findings

Effects on adsorption of proteins
— surface energies noticeably affected
— strong f(surface, bulk conditions, T)
— DLC surface most effective, but
— alteration after cleaning PHEL

Published findings

PHEX trials
— no significant difference in fouling between modified steels
— cleaning efficiency of Ni-P-PTFE significantly better
— effect of fouling and cleaning on surfaces
— conditioning
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Problem overview A holistic recipe list
+ Fouling and cleaning are symbiotic Are fouling mitigation and effective cleaning compatible?
Fouling « Fouling mechanisms
effect — processing
—— — design
— surfaces

« Ageing : initial conditions for cleaning

+ Cleaning
— method
— mechanisms
— atmosphere
— environmental impact

« Disinfection
— pre-conditioning for fouling (sorry, processing)




Ageing — the linking phenomenon

‘The most poorly understood aspect of fouling’

Also : thermophile survival

A systematic approach

I. Define and characterise what is
to be cleaned

Identify and characterise all

Select cleaning technique, process inputs and sources

agents and disposal of
N " / Qualify and calibrate
II. Determine and establish (
worst case(s)
Identify suitable ™ "
measurement, testing - Develop standard operating
and monitoring systems procedures and train
operators
Il. Establish cleaning protocol:
devise validation plan,
test criteria,
and validation protocols
after Crockford [2003] 14

The science of cleaning and detachment

Concentration optima in caustic cleaning
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CIP : hydraulic and chemical effects studying cleaning : fine scale
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17 * Heat flux sensors [also process scale] 18




Alternative processes

* Chemistry better understood
+ Physical strength can be measured
+ Predictive capacity for cleaning

0.30
Use clever processing : pulsing? 0 1
0.20 ]
.o
Overall . flow pulsing o //_'En ]
cleaning o =Y
rate  oa0f 7 I3 + 4 ]
g/m?s 0.05 " steady flow
0.00
50 75 100 125 150 175

Protein coverage

gim? 19

Closing the loop: monitoring
« Assuring CIP | ‘@
« Better sensors Fﬁl' e

Whole milk  Cold water Hot caustic  Cold water Hypochlorite
rinse Fi}l/Circu}ation rinse steriliser
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CIP Process — Product Signatures

CIP - Interface — Caustic / Rinse water
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Summary Acknowledgements
« Thermal processing of milk is unlikely to be free from fouling « IDF
« Our understanding of fouling means that we can identify fouling resistant + Ruben Mercade & Dong Chen, Auckland
designs and surfaces « Peter Fryer & Zhibing Zhang, Birmingham
« Timo Geddert & Wolfgang Augustin, Braunschweig
« Our understanding of cleaning is improving so that we can clean and « Rowan Hooper, John Chew & Bill Paterson, Cambridge
monitor cleaning more effectively . Kaiku www.kaiku.co.uk
« Real progress lies in a holistic and synergistic approach where fouling
mitigation and cleaning effectiveness are considered together from the
outset
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