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Abstract

Single walled carbon nanotube (SWCNT) has been used as a material for reinforcing various advanced materials
because it has superior mechanical properties. However, pure SWCNT that does not have any functional group has a
hydrophobic character, and exists as bundles due to the strong Van der Waals attraction between each SWCNT. Due
to these reasons, it is very difficult to disperse SWCNTs in the water. In this work, in order to use SWCNT for
production of cementitious composites, SWCNT was first dispersed in water to make an aqueous solution. Sodium
deoxycholate (DOC) and Sodium dodecyl sulfate (SDS) were chosen as surfactants, and the dosage of DOC and SDS
were 2wt% and 1wt%, respectively. Sonication and ultracentrifugation were applied to separate each SWCNT and
impurities. Using such processed SWCNT solutions, cement paste was prepared and its shear stress vs. strain rate
relationship was studied. The yield stress and plastic viscosity of cement paste were obtained using Bingham model.
According to the results in this work, cement pastes made with DOC and SDS showed similar rheological behavior to
that of air entrained cement paste. While cement paste made with DOC 2 wt.2%6 SWCNT solution showed similar
rheological behavior to that of plain cement paste, cement paste made with SDS 1 wt.2% SWCNT solution showed
different rheological behavior showing much less yield stress than plain cement paste.
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Rheological Properties of Cement Paste Mixed with Aqueously Dispersed Single-Walled Carbon Nanotubes
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Table 1. Experimental procedures used for the preparation of
SWONT solution

ID. Surfactant Sonication Centrifugation
Plain - - -
DOC DOC 2wt% - -
SDS SDS 1wt% - -
AE AE 1wt% - -
DOC Sample 1 20% 5min 15,000g 30min
" ' " ' 15,000g 30min
DOC Sample 2 DOC 2wi% 20% 5min+40% 10min +30000g 30min
DOC Sample 3 20% 5min+40% 10min 30,000g 2hr
DOC Sample 4 20% 5min+40% 10min 50,000g 2hr
SDS Sample 1 20% 5min 15,000g 30min
" ' " ' 15,000g 30min
SDS Sample 2 — 20% 5min+40% 10min +30,000g 30min
SDS Sample 3 20% 5min+40% 10min 30,0009 2hr
SDS Sample 4 20% 5min+40% 10min 50,0009 2hr

*SWCNT has not been incorporated into the Plain series.

Figure 1. Photographic images of tip sonicating process used
for the dispersion of SWCNT in the deionized water
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Figure 2. Photographic images of SWONT solution after

ultracentrifugation
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Table 2. Mix proportions of the cementPastes

Mix water Details of Surfactant
Specimen Mw/C Water:Surfactant Water DOC SDS AE
(Wt%) 2Wt% 1wt% 1wt%
Plain cementPaste 10:0 @) - - -
DOC cementPaste @) ) - -
SDS cementPaste 9:1 o - 0 -
AE cementPaste @) - - @)
Mix water Details of DS’
Spedimen Mw/C Water:DS"  Surfactant : DOC 2wt% and
(Wt%) SDS 1wi%
Sample 1
using the SWCNT solution
Sample 2
Samole 3 0.4 9:1 (DOC Sample 1-4, SDS
ample
P Sample 1-4) of Table 1
Sample 4

*D.S: Dispersed SWCNT solution
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Hjgt 2)% 34 tAE H=A (Brookfield DV2T, USA)
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Y

w = angular velocity spindle (rad/sec) [: (z—g)]\f] N= RPM
R
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= radius of container(em)
= radius of spindle(cm)

x = radius a twhich shear rate is being calculated(cm )
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Figure 3. Raman spectrum of SWCNT
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Figure 4. Raman spectrum of dispersed SWCNT solution
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Figure 5. Raman microscope data of dispersed SWCNT
solution (SDS 1wt%)
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Figure 6. Shear stress vs. shear rate curve obtained from the
cementPaste without SWCNT
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Figure 7. Shear stress vs. shear rate curve obtained from the
cementPaste with SWCNT solution using 2wt% DOC as a
surfactant
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Figure 8. Shear stress vs. shear rate curve obtained from the
cementPaste with SWCNT solution using 1wt% SDS as a
surfactant
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