
Preface vii
 
lin 

Acknowledgement ix
 
Ie 

Nomenclature xi
 

tt l. Industrial Biofouling 1
 

the 1. Introduction 

2. Fluid Flow, Mass and Heat Transfer 7
 

2.l. Introduction 7
 

Dr 2.2. Fluid Flow 7
 

2.3. Mass Transfer 11
 
~in 2.4. Heat Transfer 18
 

2.5. Concluding Remarks 21
 

3. Biofilms 23
 

3.l. Introduction 23
 

3.2. Microbiology 26
 

3.3. Biofilms 29
 

3.4. Requirements for Microbial Growth 38
 

3.5. The Importance of Surfaces 45
 

3.6 Adhesion of Microbial Cells to Surfaces 46
 

3.7 Interacting Forces 49
 

3.8. The Influence of Adsorbed Layers 55
 

3.9 The Physical Quality of the Surface 58
 

3.10 Industrial Conditions 61
 

3.11 The Establishment of Biofilms in Summary 62
 

3.12. The Influence of Other Fouling Mechanisms 64
 

3.13. Particle/Biofilm Interactions 64
 

3.14. The Growth of Biofilms 67
 

3.15. Structure and Stability of Biofilms 69
 

3.16. Biofouling Modelling 73
 

3.17. Biofilms and Corrosion 73
 

3.18. The Cost of Biofouling 74
 

3.19. Concluding Remarks 76
 

Administrator
Typewritten Text
628.1683 IND



vi Contents 

4. Biofouling Control 81 

4.1. Introd uction 82 

42. Chemical Control 84 

43. Physical Methods of Control 129 

4.4. Potential physical techniques for biofouling control 141 

45. Combined Use of Physical and Chemical Techniques 147 

4.6. Potential Combined Physical and Chemical Control-

concluding Remarks 

5. Cleaning Off-line 

5.1. Introduction 

52. Application of Cleaning Technologies 

53. Concluding Remarks on Off-line Cleaning 

6. Biofouling Monitoring 

6.1. Introduction
 

62 Off-line Monitoring
 

63 Process Plant Monitoring
 

6.4. Monitoring in the Laboratory 

6.5. Fouling Measurement Techniques 

6.6. The Accuracy of Test Data 

6.7. Concluding Remarks 

7. Biofilms in Industry 

7.1. Introduction 

7.2. The Water Industry 

7.3. Food Industry 

7.4. Paper Manufacture 

75. Cooling Water 

7.6. The problem of Leglonella pneumophila 

8. Concluding Remarks 

Index 

150 

155 

155 

155 

158 

161 

161 

161 

165 

169 

174 

176 

177 

181 

181 

181 

195 

196 

197 

199 

203 

205 

Astronomers when they are 
presence ofwater, which is tl 
on earth-plants, animals, fi 
without food than without 
ered together in communitil 
Not only has this water been 

transport and the raising of 

purposes. 
There is an analogy he 

communities where there ( 
suitable submerged solid sur 
microorganisms tend to us' 
locations for the formation 
delivers nutrients and takes a' 
species may be supportive 0 

their community. 
It is not surprising there 

open to the atmosphere are 
nities ofmicroorganisms (bio 
is generally unwanted sinn 
ineffIciencies, which can , 

warmmg. 
It is for these reasons that 

biofilm formation and the r 
mentally friendly. A comm 
biocides or dispersants. On tI 
can be made to work for h 
water, sewage and for envil 

fuels. 
Despite widespread kn 

growth of microbial biofllI1 
research and development ir 
and paradoxically, their utili: 




