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The mechanical and damping properties of CNT-reinforced cementitious composite structures were
experimentally examined. In the experiments, an aromatic modified polyethylene glycol ether named
TNWDIS and polyvinylpyrrolidone (PVP) were used to disperse CNTs, which were ultra-effective and
compatible with cement hydrates. The growth of cement hydrates on the CNT surface was observed
by Scanning Electron Microscopy (SEM) and identified by Energy Dispersive Spectrometry (EDS). X-ray
Powder Diffraction (XRD) analysis suggested that the mechanism by which the CNTs and cement
hydrates were combined was a physical process. The compressive and flexural strengths of CNT/cement
composites were improved by 17.3 and 16.3%, respectively, through the addition of 0.1 wt.% CNTs dis-
persed by PVP, while the addition of CNTs dispersed by TNWDIS led to a very limited improvement in
strength. In addition, the loss factor of CNT/cement matrix was measured, and 0.1 wt.% CNTs dispersed
by TNWDIS improved the loss factor by 25.9%, which is nearly twice greater than the improvement
caused by 0.1 wt.% CNTs dispersed by PVP.

� 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Cementitious composites are the most commonly used building
material in the world, but it is difficult for them to meet many
aspects of the engineering demands due to their brittleness, low
strength against tension, and cracking problem. Nowadays, the
introduction of a variety of materials into the composites has been
tried and with the development of nanotechnology, the introduc-
tion of nanomaterials such as nano-silica, carbon nanotubes
(CNTs), and so on has become a hot spot for researchers [1,2]. CNTs,
a tube-shaped allotrope of carbon like rolled graphene, are poten-
tially very advantageous for nano-strengthening of the cement
matrix because of their ultra-high aspect ratio (length-to-
diameter ratio), ultra-large surface area, and outstanding mechan-
ical properties [3–6]. CNTs are categorized as single-walled carbon
nanotubes (SWCNTs) and multi-walled carbon nanotubes
(MWCNTs). CNTs can have diameters ranging from 1 to 100 nm
and lengths in the range of 0.1–100 lm [7]. Typical properties of
CNTs include a tensile strength 100 times greater than that of steel,
an ultimate strain of more than 10%, and a Young’s modulus
approaching 1 TPa [8,9]. Unlike microfiber reinforcements in
cement matrix that help to delay the development of microcracks,
CNTs which are distributed at a much finer scale than common
fibers, stop crack growth at the nanoscale and hinder the creation
of micro-cracks [10].

The main difficulties in the application of CNTs in cement
matrix relate to the dispersion of the CNTs and the efficient bond-
ing of the CNTs with cement hydration products [11]. There is a
strong tendency for individual CNTs to agglomerate due to Van
der Waals attraction, which originates from their polarizable
extended p-electron systems [10,12,13]. Commonly, the mixing
process using a Hobart mixer cannot ensure proper dispersion of
CNTs within the matrix [6], so CNTs are dispersed in aqueous solu-
tions before mixing [14]. The most common ways to make CNT
solutions are through the use of ultrasonication and surfactant.
Ultrasonication is a physical method of dispersing CNTs by expos-
ing them to cavitation, which exfoliates them [15]. However, Van
der Waals forces exist permanently, so the solutions are temporar-
ily dispersed by sonication [16]. Surfactant, which contains
hydrophobic groups and hydrophilic groups, is a chemical method
to attach hydrophobic groups on the CNT surface while hydrophilic
groups generate electrostatic repulsion that separates the individ-
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ual CNTs from bundles and change the wettability of the CNT sur-
face [16–18]. Combined with ultrasonication, surfactant can keep
CNT solutions stable. In addition, the functional groups, such as
carboxyl (–COOH) and hydroxyl (–OH) groups, which are attached
to the CNT structure with H2SO4 and HNO3 mixture, can also ame-
liorate the CNT dispersion in aqueous solutions [19]. So far, the dis-
persion of CNTs has been widely researched and solved well by
many surfactants combined with sonication, such as superplasti-
cizer (SP) and sodium dodecylbenzene (SDBS) [3,20]. However,
there is very limited knowledge about the actual strength of the
bonding occurring between the CNTs and the hydrates [21]. The
bonding between CNTs and cement hydrates is often weak due
to the very low surface friction between them [22]. Szleifer and
Yerushalmi-Rozen [16] researched the interactions of polymers
and CNTs, and their work indicated that different forms of modifi-
cations existed on the CNT surface structure due to the decoration
of polymers on it. Trettin and Kowald [23] employed different
types of polycarboxylate-based SPs as surfactants and found that
the CNTs produced different levels of improvement in the com-
pressive and bending strengths, showing the interfacial bonding
between the tubes and matrix is affected by the types of SPs. In
addition, the incorporation of CNT in cement paste created multi-
form interfaces between CNTs and the matrix, which may change
the damping properties of cement paste, especially considering
the ultra-large surface area [24–26]. Therefore, it can create excel-
lent value for the application of CNTs in aseismic engineering. Cin-
quin et al. [27] reported the effect of interface bonding of glass-
fiber-reinforced composites with dynamic mechanical analysis
(DMA), which gives an accurate measurement of interfacial damp-
ing. So it is feasible to investigate the damping performance of
CNT-reinforced composites and the interface reaction between
the CNT surface and the adjacent cement hydrates through the
use of the DMA technique.

The present work first focused on the dispersion ability of the
surfactants and the morphology of CNTs in cement hydrates and
then compared the results obtained with the compressive and flex-
ural measurements performed on a referenced plain cement and
CNT/cement composites containing different amounts of CNTs.
Furthermore, another aim of this study is to research the damping
performance of CNT/cement composites with varying CNT con-
tents using DMA. The effects of different surfactants on the modi-
fication of the CNT surface and the bonding strength between the
CNTs and cement hydrates are discussed. The combining mecha-
nism (physical or chemical interaction) between the CNTs and
cement paste was investigated and analyzed.

2. Experimental program

2.1. Raw material

Ordinary Portland Cement type 42.5R was used as the binder
material, conforming to the requirements of the Chinese Standard
GB175-2007. Hydroxylated MWCNTs (CNT-OH) produced by the
chemical vapor deposition (CVD) method were purchased from
Chengdu Organic Chemicals Co. (China). The physical properties
of MWCNTs are presented in Table 1. Two types of nonionic surfac-
tants were employed to disperse CNT-OH: a non-ionic liquid sur-
factant named TNWDIS and polyvinylpyrrolidone (PVP), supplied
Table 1
Property of MWCNTs.

Type Aspect ratio OD Length

MWCNT-OH >400 >50 nm 20 lm

Note: OD-Outer diameter; FGC-Functional group content; SSA-Specific surface area.
by Chengdu Organic Chemicals Co. (China) and Shenzhen Benno
Industrial Co., respectively. The molecular structural formulas of
TNWDIS and PVP are shown in Fig. 1. TNWDIS is actually an aro-
matic modified polyethylene glycol ether. Aromatic rings of
TNWDIS are hydrophobic and bond with hydrophilic groups
through carbon chains. PVP is a powdery material that contains
pyrrolidone groups and carbon chains that are hydrophilic and
hydrophobic, respectively.

2.2. Preparation of suspensions

To prepare CNT suspensions, one of two surfactants (10% of the
CNT weight for PVP; 20% of the CNT weight for TNWDIS) was
added to a beaker, followed by the addition of CNTs (0.375 or
0.750 g) and 100 g of water. Two identical suspensions with the
same CNT concentration and same surfactant were made for the
accurate identification of dispersion with ultraviolet–visible (UV–
vis) spectroscopy. All suspensions were treated with the same
physical methods: magnetic stirring for 15 min and ultrasonication
for 30 min. Finally, the two suspensions were poured into 400 g of
water and then mixed with 1500 g cement. The ultrasonication
was produced by an ultrasonic cell crusher (JY92-IIN, 650 W) with
a cylindrical tip. The sonicator was set up with a cycle of 2 s work-
ing and 2 s intervals in order to deliver ultrasonic energy while
avoiding overheating of the suspension. The input power of the
sonicator was fixed at 30% of the maximum amplitude (650W),
corresponding to an energy delivery of 195W.

In order to research the compatibility of surfactants with
cement hydrates, suspensions containing only surfactants were
made. Then, 0.15 g of PVP and 0.15 g of TNWDIS were added to
100 g water in a beaker, respectively. Two identical suspensions
were made with the same amount and type of surfactant. The solu-
tions were treated with 15 min of magnetic stirring and 30 min of
ultrasonication. Finally, the two suspensions were poured into
400 g of water and then mixed with 1500 g cement.

2.3. Preparation of cementitious composites

Specimens had a size of 40 � 40 � 160 mm for the compressive
and flexural strength test and 5 � 12 � 100 mm for the DMA test.
All specimens were cast with a water-to-cement ratio of 0.4. The
compositions of all mixtures are presented in Table 2. Two differ-
ent batches of CNTs dispersed by the two types of surfactant,
respectively, were made at two different concentrations: 0.05
and 0.1 wt.% by weight of the cement. For each batch, six replicates
were made in order to get representative measurements for the
mechanical and damping properties. Plain cement specimens were
cast as a reference. The P-C0 and T-C0 mixtures were cast in
order to research the effects of TNWDIS and PVP on the cement
pastes.

Cement was mixed together with the prepared solutions for
7 min using a cement paste mixer to get the fresh cementitious
composites. The mixture was then poured into 40 � 40 � 160 mm
molds and 5 � 12 � 100 mm molds smeared with oil. To remove
air bubbles that generated during the pouring process, the molds
were placed on an electrical vibrator table and vibrated 30 times.
The specimens were demolded after 24 h and placed in a curing
chamber with a temperature of 20 �C and relatively humidity of
FGC Purity Ash SSA

0.76 wt.% >90 wt.% <6 wt.% >40 m2/g
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Fig. 1. Molecular structural formula of PVP and TNWDIS.
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95% until testing. All specimens were cured for 27 days, leading to a
total curing time of 28 days.

2.4. Material characterization tests

2.4.1. Microstructure and constituents
To view the surface morphologies of the hydrated CNT-

reinforced cementitious composites, Scanning Electron Microscopy
(SEM) (Hitachi, SU-70, Japan) was performed. The SEM sample was
prepared in pellet form. Energy Dispersive Spectrometry (EDS) was
used to identify the chemical constituents on the surface of the
CNT structure. The constituent analysis of all the specimens was
carried out by X-ray Powder Diffraction (XRD) (Bruker, AXS D8,
German) using CuKa radiation (k = 1.540598 Å) in the scattering
range (2h) of 10–70� with a scan rate of 0.1�/sec and a slit width
of 0.02�. The powder for XRD analysis was obtained by grinding
fragments of broken specimens and then sieving with a 40 lm
sieve. The samples for these tests were taken from the central zone
of the 40 � 40 � 160 mm specimens after the compressive test.

2.4.2. Mechanical properties
The tests of flexural strength and compressive strength were

conducted according to ASTM C 348 and ASTM C 349, respectively.
The loads were measured and recorded by the software connected
with the machine and then converted to the flexural and compres-
sive strengths according to Eqs. (1) and (2). Six replicates of each
test were conducted and average values are reported.

Pf ¼ 3FL

2bh2 ð1Þ

Pc ¼ F

h2 ð2Þ

where F is the maximum force in a bent beam at the instant of fail-
ure, L is the span between two supports (100 mm), b is the beam
width (40 mm), and h is the height (40 mm).

2.4.3. Damping property
In this study, the loss factor of CNT/cement composites

(5 � 12 � 100 mm) was determined on a DMA machine (Metravib,
DMA + 1000, France) to investigate the damping property of the
Table 2
Mix design of CNT reinforced cementitious composites.

Mix Cement (g) Water (g) CNT (g)

C0 1500 600 –
T-C0 1500 600 –
P-C0 1500 600 –
C1 1500 600 0.75
C2 1500 600 0.75
C3 1500 600 1.50
C4 1500 600 1.50
composites. Fig. 2(a) shows the DMA instrument. The working
mechanism of DMA is as follows: a sinusoidal force or deformation
is applied to a sample of known geometry and the phase shift of
the sinusoidal force and sinusoidal displacement are measured to
obtain the loss factor (the tan delta of the phase shift), as shown
in Fig. 2(b). The span of two supports is 80 mm and the specimens
were subjected to a periodic deformation of 0.007 mm with fre-
quencies varying from 0.5 to 2.5 Hz. All tests were conducted at
room temperature.

3. Results and discussion

3.1. Characterization of CNT suspensions

The effectiveness for the dispersion of CNTs was characterized
by UV–vis spectroscopy with a wavelength range of 200–
1200 nm (Fig. 3). Individual CNTs are active in the wavelength
region between 200 and 1200 nm, while CNT agglomerates are
not active in this range [28]. The value of absorbance (ABS) at a cer-
tain wavelength is proportional to the concentration of individual
CNTs in the diluted suspension according to Beer-Lambert’s law.
All the suspensions mentioned below for UV–vis measurement
were diluted by a factor of 1000 in advance.

According to the ABS curves, the hydroxyl groups on the CNT
structure showed a very limited improvement in the dispersion
of CNT in aqueous solution. But when surfactants were employed,
all the ABS curves had a peak at 260 nm, which was determined by
the chirality and diameter of the CNT structure [28,29]. The ABS
value at 600 nm (representing the degree of dispersion of CNTs
[20]) for CNTs dispersed by one surfactant was proportional to
the concentration of CNTs in water. In addition, more ultrasonica-
tion energy or more surfactants can’t further improve the disper-
sion degree, which indicated that the CNTs were dispersed to the
greatest extent. Compared with the dosage of other surfactants
for dispersing CNTs like SP (eight times the weight of CNTs [20])
and SDBS (four times the weight of CNTs [3]), TNWDIS and PVP
are ultra-effective in the dispersion of CNT bundles. In addition,
the suspensions possessed good stability according to the ABS
measurement of suspensions after three days, as proved by [30]
and [31], who reported that TNWDIS and PVP, respectively, can
keep CNT suspensions stable.

3.2. The microstructure and components of CNT/cement material

The morphologies of hydrated CNT-reinforced cementitious
composites with a CNT concentration of 0.10 wt.% (by weight of
cement) dispersed by TNWDIS or PVP after 28 days of curing are
shown in Fig. 4. From the pictures, it can be seen that the CNTs
were well mixed in the cement matrix no matter what kind of sur-
factant was employed. Fig. 4(a) and (c) both show CNTs bridging
the gap of cement hydrates, which provided the essential condition
for bonding with the cement matrix. Some other CNTs in the pic-
tures can be observed to be embedded in the cement hydrates with
the opposite ends free. The incorporation of nanosize CNTs into
PVP (g) TNWDIS (g) CNT/cement

– – 0
– 0.300 0
0.300 – 0
– 0.150 0.05 wt.%
0.075 – 0.05 wt.%
– 0.300 0.10 wt.%
0.150 – 0.10 wt.%
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Fig. 2. The DMA instrument and the relationship of the applied sinusoidal force to
displacement with the resultant phase shift. (a) The DMA instrument. (b) The
relationship of the applied sinusoidal force to displacement with the resultant
phase shift.
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coarse microsize cement hydrates creates multi-phase boundaries
and multiform interfaces, as described in [32]. Products can be
observed on the CNTs in Fig. 4(a) and (d), and EDS analysis proved
that they were the hydration products of cement (Fig. 5). Besides
the elements Ca, Si and O, the existence of other elements like Al
indicated that the components of the products on the CNT surfaces
were not only C-S-H gel consisting of Ca, Si, O and H, and Ca(OH)2
consisting of Ca, O and H, unlike carboxylated CNTs, which com-
bine with C-S-H gel and Ca(OH)2 through chemical reaction [33].

The XRD patterns of CNT/cement matrix with the addition of
0.1 wt.% CNT content (by weight of cement) after 28 days of curing
are shown in Fig. 6. It can be seen that all specimens have almost
the same curve, implying that no new products were produced.
The incorporation of CNTs into cement paste didn’t cause visible
change of the peak values of Ca(OH)2 by comparing Fig. 6
(b) and (c) with (a). This indicates that CNTs do not cause any
change in the hydration process, unlike the carboxylated CNTs,
which hamper the proper hydration of the cement paste due to
their strong hydrophilicity [34]. Singh et al. [35] found that a
strong covalent force existed between pristine MWCNTs and
cement matrix due to several new and strong peaks arising in
the range of 15–25� in the XRD pattern, which implied that in
our study the hydroxylated CNTs combined with hydrates by phys-
ical interaction. In addition, the two surfactants had no effect on
the XRD pattern (not shown), which indicated that TNWDIS and
PVP produced no harmful or beneficial effects on cement
hydration.

3.3. Mechanical properties

The flexural and compressive strengths of CNT/cement speci-
mens (40 mm � 40 mm � 160 mm) with the addition of 0, 0.05,
and 0.10 wt.% CNTs (by weight of cement) at the curing age of
28 days are shown in Figs. 7 and 8, respectively. Compared with



CNT 

CNT 

(a) 

(b) 

CNT 

(d) 

(c) 

CNT 

Fig. 4. The morphologies of 0.1 wt.% CNT/cement composites that dispersed by
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the plain cement paste (reference C0), the 0.05 wt.% CNTs dis-
persed by TNWDIS enhanced the compressive strength by 2.5%
but decreased the flexural strength by 3.9%, indicating 0.05 wt.%
CNT content has a limited effect on the mechanical properties of
cement paste. The 0.10 wt.% CNTs dispersed by TNWDIS enhanced
the compressive strength by 6.5% and the flexural strength by 2.8%,
so it can be concluded that this CNT content led to a slight increase
in the compressive strength but had a limited effect on the flexural
strength. Considering that TNWDIS was ultra-effective in dispers-
ing CNTs and had no potential reaction with the cement hydrates,
it can be inferred that the bonding strength was not high enough to
provide an efficient load transfer when the CNTs were decorated by
TNWDIS. The same conclusion was drawn by Cwirzen et al. [6],
who dispersed CNTs with polyacrylic acid polymer (an efficient
dispersant) and found that no effective bonding formed to enhance
the compressive and flexural strengths. The weak bonding results
from the very limited surface friction of the CNTs with the cement
matrix material [22], and the modification of the CNT surface by
TNWDIS does not improve the situation.

In contrast, the 0.05 wt.% CNTs dispersed by PVP enhanced the
flexural and compressive strengths by 7.4 and 9.3%, respectively.
The 0.10 wt.% CNTs dispersed by PVP enhanced the flexural and
compressive strengths by 17.3 and 16.3%, respectively. So it can
be seen that the CNT content of 0.05 wt.% led to a slight increase
in the mechanical properties and the 0.10 wt.% CNT content led
to an obvious increase in the mechanical properties. It can be con-
cluded that efficient load transfer was provided by the CNTs that
were dispersed by PVP. It was also found by other researchers
[36] that CNTs dispersed by PVP can provide an efficient bonding
strength to enhance the mechanical properties of cement paste.

In addition, the effect of TNWDIS and PVP on the mechanical
properties was measured as well. TNWDIS decreased the flexural
strength by 2.5% while enhancing the compressive strength by
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1.9%. PVP decreased the flexural and compressive strengths
slightly, by 2.4 and 1.4%, respectively. So it can be concluded that
TNWDIS and PVP had no effect on the cement hydrates, consider-
ing the existence of experimental error.
3.4. Damping property

The loss factor (or damping factor) is an important parameter
that represents the damping performance of a material. The damp-
ing capacity means the ability of a material subjected to an exter-
nal load to convert mechanical energy to heat energy [37,38]. The
loss factor of CNT-reinforced cementitious composites
(5 � 12 � 100 mm) incorporating 0, 0.05, or 0.1 wt.% CNTs dis-
persed by TNWDIS or PVP is shown in Fig. 9. All the specimens
showed the lowest loss factor at 0.5 Hz and the highest at 1 Hz.
The loss factor of CNT/cement composites decreased after 1 Hz
with increasing vibration frequency. It was found that 0.05 and
0.10 wt.% CNTs dispersed by PVP improved the loss factor by 8.8
and 13.4% at 1 Hz, respectively, whereas 0.05 and 0.10 wt.% CNTs
dispersed by TNWDIS improved the loss factor by 18.3 and 25.9%
at 1 Hz, respectively. The rate of increase of the loss factor
decreased with increasing CNT content, and CNTs dispersed by
TNWDIS had almost twice the rate of increase compared to the
same content of CNTs dispersed by PVP in enhancing the loss factor
of the cement matrix. It can be observed from the figure that
0.05 wt.% CNTs dispersed by TNWDIS had an even greater loss fac-
tor than 0.1 wt.% CNTs dispersed by PVP. The loss factors were
improved to a similar degree at other frequencies compared with
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1 Hz, indicating that the degree of reinforcement provided by the
loss factor is not associated with the vibration frequency.

3.5. Discussion

According to the SEM, EDS, and XRD research results, it can be
concluded that the CNTs with surfactants were well mixed in the
cement paste and combined with cement hydrates through a phys-
ical reaction, because a new peak appears in the XRD pattern if a
chemical reaction takes place between the CNTs and the cement
[35] and the peak value of Ca(OH)2 changes if the hydration pro-
cess is accelerated or hampered by a chemical reaction [39]. The
main factor affecting the enhancement of the mechanical proper-
ties of the cement composites provided by the CNTs is the bonding
strength between the CNT structure and the adjacent hydrates
[11]. Comparing the reinforcing effect of CNTs with absorbed
TNWDIS and CNTs with absorbed PVP, PVP obviously improves
the surface friction of the CNT structure with the hydrates more
effectively. It is common sense that the chemical structure of sur-
factants affects the interaction force between surfactants and CNTs
[40], the form of decoration of the surfactants on the CNT structure
[41], and the position of the decoration on the tube [42]. A possible
reason for the better enhancement phenomenon produced by PVP
is that part of the chains of the PVP molecule has a stronger reac-
tion with the CNT structure, while the rest of the chains are
anchored well in the cement hydrates. Qiu et al. [31] applied
Raman spectrum analysis to confirm that a chemical graft reaction
occurred between the MWCNTs and PVP. This differs from the
working mechanism of PVP on SWCNTs, as the PVP wrapped
around the tubes evenly through a physical reaction [43]. A possi-
ble reason for the limited reinforcing effect of CNTs with TNWDIS
is that the sorption of TNWDIS (a kind of aromatic compound) onto
CNTs was a process of physical interaction that is easy to break. Lin
et al. [40] systematically investigated the sorption mechanism of
aromatic compounds and reported a process of physical interaction
of the aromatic compounds with the CNTs. This was confirmed by
several articles [44–46]. The benzene derivatives (acting as p-
acceptors) and CNTs (acting as p-donors) form p–p bonding (a
kind of weak interaction) [40]. When many benzene rings of a
TNWDIS molecule are absorbed on the CNT surface, the rest of
the chains are short and are insufficient to provide efficient bond-
ing with the hydrates [23], which is another explanation for the
limited reinforcing effect of CNTs dispersed with TNWDIS.

The incorporation of CNTs increased the loss factor of cement
paste. The reasons for the enhancement of the damping property
can be explained by the following:

(1) The energy dissipation of CNTs due to their viscoelasticity
[25]. The viscous and elastic behavior dominates and leads
to different degrees of dissipation of energy as heat at vary-
ing frequencies [47]. In addition, CNTs have a remarkable
Young’s modulus and deformability, indicating high damp-
ing capability [48,49]. A single MWCNT contains several con-
centric tubes and the interface slip and friction between
tubes results in energy dissipation [50].

(2) The energy dissipation due to the matrix–tube interface
[37,51]. Xu et al. [52] observed a sliding trace of CNTs in
cement matrix using SEM analysis, which indicated the exis-
tence of unbound regions between the CNTs and the matrix
interface. The slip of CNTs produces non-negligible frictional
damping [25]. Some very weak bonding might be debonded
due to periodic vibration and could enhance the interfacial
friction [51]. Multi-phase boundaries and multiform inter-
faces are generated due to the incorporation of CNTs and
then produce great interfacial friction and slippage while
vibrating [32]. As shown in Fig. 4(c), the long CNTs can easily
induce friction at the middle with the two ends anchored in
the cement hydrates.

(3) Damping due to the interphase [25]. The interphase [53] is
the region adjacent to the CNT surface all along the tube.
The interphase property is affected by the working mecha-
nisms of the CNT surface with adjacent hydrates, like inter-
facial chemical bonds, van der Waals forces, and mechanical
interlocking [51]. Chandra et al. [25] proposed that the nat-
ure of the interphase (weak, ideal, and strong) accordingly
affects the mechanical behavior and in turn the damping
properties of the composites.

Although PVP is better at modifying the CNT surface to enhance
its bonding strength with cement hydrates, the loss factor shows
that CNTs dispersed with TNWDIS are better at enhancing the
damping property of the CNT/cement composites. The results indi-
cate that better enhancement of the mechanical properties of CNT-
reinforced composites is related to relatively weak improvement of
the damping properties. An explanation for this is that there is
more interface friction due to the weaker bonding strength
between the matrix and the dispersed CNTs. The main difference
between CNT-reinforced composites dispersed by TNWDIS and
those dispersed by PVP is the interface, due to the differences in
how they decorate the CNT surface. Cinquin et al. [27] proved that
an increase in damping is associated with a decrease in interfacial
bonding. Zhou et al. [51] also proposed that high damping can be
achieved by taking advantage of relatively weak bonding.

4. Conclusions

The article presents the results of the mechanical and damping
properties of CNT-reinforced cementitious composites at different
concentrations of CNTs (0, 0.05, and 0.10 wt.%) using two dispers-
ing surfactants. The conclusions of these investigations are sum-
marized as follows:

(1) The two proposed methods (TNWDIS and PVP) of dispersing
CNTs in aqueous solution are both effective and have the
same dispersion ability. Neither surfactant causes a change
in the hydration process. CNTs were well distributed in the
cementitious composites according to the SEM analysis.

(2) The mechanical properties of CNT-reinforced cementitious
composites increased with increasing CNT content. CNTs
dispersed by PVP are more beneficial for enhancing the
mechanical properties of cement paste than those dispersed
by TNWDIS, indicating the better bonding strength between
the CNTs and the matrix.

(3) The results of EDS and XRD analysis suggest that hydroxy-
lated CNTs combine with hydrates via a physical interaction,
which provides the potential for increasing the damping
behavior of CNT-reinforced composites.

(4) The DMA tests proved the ameliorating effects of CNTs on
the damping performance of the composites. The loss factor
of the composites exhibited an obvious increase with CNT
content. The enhancement of the damping behavior is
mainly due to the generation of multi-phase boundaries
and multiform interfaces.

(5) The increase in the loss factor was more pronounced in CNT-
reinforced cementitious composites dispersed by TNWDIS
than in those dispersed by PVP, indicating the greater inter-
face friction and slippage due to weaker bonding in the
former.
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