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Carbon Nanotubes



C-MWCNTs, 14C-MWCNTs, 
Culture, 
Nutrients

Safety Bottle 0.5 M NaOH
solution

Aeration (O2)

Mineralization: 
Complete 

degradation

• WhiteWhiteWhiteWhite----rot fungusrot fungusrot fungusrot fungus
• Soil extractionSoil extractionSoil extractionSoil extraction
• Biota from WTPBiota from WTPBiota from WTPBiota from WTP
• Indigenous microbial Indigenous microbial Indigenous microbial Indigenous microbial 

community from CNTcommunity from CNTcommunity from CNTcommunity from CNT
• EnzymesEnzymesEnzymesEnzymes
• ........................



Degradation Pathway

� C14 - CO2 production: 2.0% to 6.8%

� Intermediate products

� Structure disruption

O

OH

Zhang et al., Environ. Poll. 2013, 181, pages 335-339



Carbon Nanotube Reactivity
� Backbone: Curvature

� Pyramidalization
� Misalignment

� Structural Defects
A. Pentagons or 

Heptagons
B. sp3-hybridized 

defects (R = H or OH)
C. Functional Groups & 

Holes
D. Open Ends



Chop, peel, or both?
� Chop:

� Shortening length

� Peel: Decreasing diameter

Zhao, Y., Allen, B.L., Star, A., J. Phys. Chem. A . 2011201120112011
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Sequence Results



Other degraders?

Degraders identification
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2. Phase distribution
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Phase Distribution

� No significant uptake

� earthworms (Petersen et al. ES&T 

2008)

� sediment-dwelling oligochaete
(Petersen et al. Environ. Health Persp. 

2008)

� benthic invertebrates  (Ferguson 

et al. ES&T 2008)

• Less Mobility

� Significant uptake

� Daphnia magna (Petersen et al. 

2009)

� marine copepod Acartia tonsa

� More mobility

Soil/Sediment                 Water

Zhang et al., Environ. Sci. Tech. 2011, 181, pages 1356-1362



Governing Process: Settling



� Surface functional groups

� Carboxyl, – COOH 

� Hydroxyl, – OH

� Carbonyl, – CO –

� …

Settle or not, it’s a problem…



Settling and Sorption

Aqueous conditions

� Ionic strength

� pH

� Dissolved organic matters 

(DOM)

Soil/Sediment

� Soil organic matters (SOM)

� Peat

� Shale



Three Treatments

Treatment 1: H2O + CNTs

Treatment 2: Peat DOM + CNTs

Treatment 3: Peat + CNTs

Blank
Peat 

DOM

Solid 

Peat



Settling: Effect of DOM
� DOM help disperse MWCNTs

Hersam et al. (2008)



SEM Images after Treatments
Counterion (Na+) treatment DOM treatment



Three Treatments

Treatment 1: H2O + CNTs

Treatment 2: Peat DOM + CNTs

Treatment 3: Peat + CNTs

Blank
Peat 

DOM

Solid 

Peat



Solid Peat Sorb MWCNTs



Environmental Conditions

Aqueous Soil/Sediment

� Ionic strength

� pH

� Dissolved organic matters 

(DOM)

� Soil organic matters (SOM)

� Peat

� Shale

� Clay minerals

� Kaolinite (1:1)

� Smectite (2:1)



Na+ = 4 mM

Aqueous MWCNTs (mg/L)
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Phase Distribution: Clay & Shale

� Electrostatic 

interaction

� Insoluble SOM �

strong sorption

Zhang et al., Environ. Poll. 
2013, 181, pages 335-339



Energy Barrier (kBT)
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