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• What is the effect of treatment 
duration on the degree of defects 
in CNTs?  

• How much improvement in 
dispersion is achieved with more 
treatment duration? 

• What is the overall effect of 
treatment duration on the 
performance of CNTs in mortar? 

Dispersion of Carbon nanotubes 
(CNTs) in mortar is a challenging 
task as they tend to agglomerate 
forming clusters. 
 
 
 
 
                                              
                                              
 
 
 
 

 

SEM image of entangled CNTs 
 

To improve dispersion: 

a) Dispersion agents, e.g. 
surfactants. Main disadvantage is 
introduction of air voids.  

b) Acid-treatment of CNTs in order to 
introduce functional groups onto 
the walls of CNTs, a process called 
functionalization. Main 
disadvantage is excessive 
treatment degrade the CNTs. 

Background 

The main findings of the study are: 

• Defects on CNT produced by acid 
treatment were evidenced by FTIR 
Spectra. 

• Strength of mortar containing 
CNTs treated with the acidic 
solution increased by 40% as 
compared with the mortar without 
CNTs. 

• Increase in treatment duration 
from 100 min to 180 min slightly 
enhanced mortar strength, 
resulting from improved CNT 
dispersion. 
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Results and Discussion 
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Recommendations 

A comprehensive study needs to be 
performed to investigate the effect of 
a wide range of treatment durations, 
possibly leading to an optimum 
treatment duration. A set of other 
factors like temperature, acid type 
and acid molarity could also be 
considered.  

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1200 1400 1600 1800 2000

N
o
rm

a
li
z
e
d
 I

n
te

n
s
it
y
 

Wavenumber, cm-1 

Raman Spectroscopy 

180 min 

No CNTs 

100 min 

Research Questions  References 

[1] Gopalakrishnan, B.; Birgisson, P.; Taylor, 
A, and Attoh-Okine N, Nanotechnology in Civil 
Infrastructure a paradigm Shift, 1st ed.; 
Springer: Heidelberg, Germany, 2011. 
[2] Li, G and Zhao, X. Mechanical behavior 
and microstructure of cement composites 
incorporating surface-treated carbon 
nanotubes. Carbon, 2005, 43(6), 1239-1245. 
[3] Yazdanbakhsh and A., Grasley, Z. Carbon 
nano-filaments in cementitious materials. ACI 
Special Publication, 2009, 267.21-34 . 

Acknowledgments: This study was supported by Iowa State University. The authors would like to gratefully thank the American in Cairo for hosting part of the test programme.  

• Peak-intensity at 2400 cm-1 
increases with treatment denoting 
effective functionalization 

• An increase in the intensity at 1350 
cm-1 marks more defects with 
treatment 

• Mortar strength increases with acid-
treatment time 
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