
M
em

be
r 

of
 th

e 
H

el
m

ho
ltz

 A
ss

oc
ia

tio
n Transport and Retention of Stabilized Silver Nanoparticles 

in Porous Media

Yan Liang 

Energie & Umwelt / Energy & Environment
Band/ Volume 212
ISBN 978-3-89336-957-7



Forschungszentrum Jülich GmbH
Institute of Bio- and Geosciences (IBG)
Agrosphere (IBG-3)

Transport and Retention of Stabilized Silver  
Nanoparticles in Porous Media

Yan Liang

Schriften des Forschungszentrums Jülich
Reihe Energie & Umwelt / Energy & Environment	 Band / Volume 212

ISSN 1866-1793		  ISBN 978-3-89336-957-7



 

 

Table of contents  

Abbreviations ......................................................................................................................... I 

Symbols ................................................................................................................................ II 

1 Introduction ....................................................................................................................1 

 1.1 Silver nanoparticles and the environment ........................................................................2 

 1.2  Surface modification of nanoparticles ...........................................................................4 

 1.3  Transport of silver nanoparticles in porous media .........................................................6 

2 Theory and background ..................................................................................................9 

 2.1  Extended DLVO theory .............................................................................................. 10 

 2.2  Nanoparticle transport in porous media ...................................................................... 12 

 2.3  Modeling of transport and deposition of nanoparticles/colloids .................................. 15 

 2.4  Release of colloids/nanoparticles and colloid- facilitated transport ............................. 20 

3 Objectives of the thesis ................................................................................................. 22 

4 Materials and methods .................................................................................................. 24 

 4.1  Silver nanoparticles .................................................................................................... 24 

 4.2  Electrolyte solutions and porous media ....................................................................... 25 

   4.2.1  Electrolyte solutions ............................................................................................ 25 

   4.2.2  Quartz sand ......................................................................................................... 25 

   4.2.3  Soil…………………. ......................................................................................... 26 

 4.3  Water saturated column experiment with quartz sand .................................................. 27 

 4.4  Column experiments by adding surfactant .................................................................. 29 

 4.5  Undisturbed soil column ............................................................................................. 30 

 4.6  Release of retained silver nanoparticles ...................................................................... 33 

 4.7  Extended DLVO calculations for the interactions of AgNP-AgNP and AgNP-sand ..... 34 

 4.8  Lysimeter experiment ................................................................................................. 37 

 4.9  Mathematical modeling of particle transport ............................................................... 39 

5 Results and discussion .................................................................................................. 41 



 

 

 5.1  Colloid-chemical characterization of silver nanoparticles, sand, and soil .................... 41 

 5.2  Transport and retention of silver nanoparticles in water-saturated quartz sand ............ 44 

   5.2.1  Effect of grain size ............................................................................................... 47 

   5.2.2  Effect of input concentration ................................................................................ 49 

   5.2.3  Effect of ionic strength ......................................................................................... 51 

   5.2.4  Effect of flow velocity .......................................................................................... 56 

   5.2.5  Nonmonotonic retention profiles .......................................................................... 58 

   5.2.6  The influence of surfactant on silver nanoparticle transport and retention ............. 59 

   5.2.7  Conclusions of silver nanoparticle transport in water-saturated sand columns ....... 65 

 5.3  Transport and retention of silver nanoparticles in an undisturbed soil ......................... 66 

   5.3.1  Influence of physicochemical factors .................................................................... 66 

   5.3.2  Remobilization of silver nanoparticles in an unsaturated - undisturbed soil ........... 75 

   5.3.3  Transport and retention of silver nanoparticles in lysimeter .................................. 84 

   5.3.4  Conclusions of silver nanoparticle transport and release in an undisturbed soil ..... 86 

6 Summary, conclusions and outlook ............................................................................... 88 

References ............................................................................................................................ 91 

List of Figures .................................................................................................................... 104 

List of Tables ...................................................................................................................... 109 



M
em

be
r 

of
 th

e 
H

el
m

ho
ltz

 A
ss

oc
ia

tio
n Transport and Retention of Stabilized Silver Nanoparticles 

in Porous Media

Yan Liang 

Energie & Umwelt / Energy & Environment
Band/ Volume 212
ISBN 978-3-89336-957-7


