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Abstract In this paper performance of graphite nano platelets and carbon nanotubes was investi-

gated in both conventional as well as self-compacting mortar. Workability, linear-shrinkage, rheo-

logical properties, flexural and compressive strength, air content and water absorption tests were

conducted. Results reveal that by addition of nano media in cement matrix workability, shrinkage,

air content, and water absorption adamantly reduces as compared to control mixtures. On the other

hand yield stress, plastic viscosity, compressive and flexural strength enhances significantly. The

shrinkage response of SCM-3 and CCM-3 depicts reduction of 66% and 61% respectively. Further-

more, yield stress and plastic viscosity increase 53% and 12% respectively. By addition of nano

media deviation in crack propagation, more nucleation sites, capturing the micro voids, filling

the pores and dense packing of the hydrated products were found. Increase in compressive strength

and flexural strength was observed. Hence hybrid nano media can be intruded as a potential can-

didate in cement matrix for enhancing the structural properties.
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1. Introduction

Cementitious system, however strong in compression possesses
low tensile strength as well as fracture toughness due to which

crack propagation takes place at lower tensile load [1]. In
recent years, efforts have been made to overwhelm these disad-
vantages by using nanomaterials in cement composite to

enhance properties [2–4]. With proper arrangement of cement,
adequate sand proportion, low water to cement ratio
(w/b < 0.40) and using high range water reducing third gener-
ation superplasticizer and intrusion of nanomaterials delivers

the utmost aspect like high flow ability, mechanical and dura-
bility in the cementitious system [5]. Previous literature and
present technological aspects focus on developing multifunc-

tional concrete having advance properties that could be used
in the construction industry [6–11]. Moreover using graphite
nanomaterials (GNMs) reinforced in cementitious composite

gives multi-effect which can enhance its cementitious proper-
ties [12]. In addition, the physical effect produced by these
ultra-fine particles results in denser packing within the matrix

which reduces the barrier between aggregate and pastes in the
transition zone namely called ITZ. The stronger bond between
these two phases, however, strengthens the weaker zone which
enhances the microstructure compare to the non-conventional

cementitious system [13]. The use of GNMs enables notable
structural concepts as these GNMs (MWCNTs and GNPs)
exhibit superior thermal, electrical and mechanical properties

[14]. GNMs with their utmost properties like high strength,
aspect ratio, and stiffness makes them an outstanding candi-
date for reinforcing materials and offer excellent improvement

in mechanical properties as suggested in the literature [15–22].
Attempts have been carried out in past on the mortar com-

posite with nanomaterial on different mechanical properties by

manipulating with supplementary blending materials [23–25],
fibers [26–29] and nanomaterials and chemical admixtures
[30–32]. However, the availability of data in literature seems
to be scattered. Kim et al. investigated the effect of CNTs by

incorporating silica fume (SF) as blending material in cement
composite by varying concentrations of CNTs/SF. The author
concluded that silica fume facilitates the dispersion of CNTs in

cement composite by increasing mechanical properties, enhanc-
ing the interaction between adjacent matrix [33]. Chaipanich
et al. investigated and concluded that by adding CNTs at the

amount of 0.5 and 1.0 by weight of binder in fly-ash cement sys-
tem to produce composite (CNTs –fly ash), increases the com-
pressive strength of 28 d mortar and was found to be more
when 1.0 wt% carbon nanotubes (CNTs) were used [34]. Morsy

et al. produced a hybrid nanocomposite with CNTs and nano
clay namely as nano metakaolin (NMK) at an amount of 6%
by wt of binder and added with different concentrations of

CNTs ranging from 0.005 to 0.1% by wt of the binder [35].
The author concluded that incorporation of 0.02% of CNTs
to NMK cement mortar facilitate the dispersion of CNTs,

enhancing the microstructure by interfacial interaction with
adjacent matrix thus increases the compressive strength by
11% as compared to control specimen. Morsy et al. used an

aqueous solution of CNTs with varying concentration of 0.01
to –0.006 by weight of binder with wet hemp fibers and dry
hemp fibers and concluded that nanomaterial reinforced with
0.01 wt% increases the compressive and flexural strength by

21% and 29% respectively [36]. Li et al. investigated surface
treated MWNTs using acids like sulphuric in conjunction with
nitric in cementitious system and found that addition of 0.5%
by (weight of binder), and concluded that MWNTs not only

increases the flexural as well as compressive strength by 25%
and 19% but also have good response on early age hydration,
Also the addition of MWNTs in cement affect the pore size dis-

tribution hence decreasing the porosity [37]. Peyvandi et al.
produced surface modified graphite nanoplatelets in the cemen-
titious paste and concluded that using 0.13% by wt of binder

increases the flexural strength up to 73% respectively [38].
Chaipanich et al. used CNTs with different concentration rang-
ing from 0 to 1% by wt of binder in combination with silica
fume with partial replacement by cement. The author con-

cluded that by using CNTs at 0.5% by wt off cement with
10% replacement of silica fume enhances the compressive
strength [39]. Yazdani et al. produced cement mortar composite

using nanomaterial (MWCNTs) at an amount of 0.1% of bin-
der. The author concluded that using 0.1% concentration of
nanomaterial enhances the flexural strength by 22% and caus-

ing no improvement in compression strength [40]. Stynoski
et al. produced cement mortar composite using plain carbon
Nanotubes (pCNTs) and a functionalized carbon nanotube

with silica fume (sCNTs) using 0.125% by binder, and reported
that using nanomaterial’s leads to an increase in flexural
strength and Young’s modulus by 5–10% and 15–20% for both
types respectively [41].

This paper reports the performance of hybrid GNPs/CNTs
in conventional as well as self-compacting mortar. Compar-
ison was made between SCMs and CCMs by varying the per-

centage of nanomedia and SP Dosage. The effect of these nano
media was monitored by using stress strain graph, linear
shrinkage, rheological and mechanical properties as well as

microstructural properties using scanning electron microscopy
images.

2. Experimental program

2.1. Material and methods

In this study cement matrix composites with graphite nanoma-

terials were fabricated. Ordinary Portland cement (OPC) Type
1, Grade 42.5 N conforming to ASTM C150 and sand having
specific gravity 2.6 and fineness modulus of 2.4, according to

EN 196/1, were used for casting of all mortar samples [42].
Master Glenium �51 a third-generation poly-carboxylate
based superplasticizer conforming to ASTM C494 Type F
and EN 934-2, and master matrix �110 as viscosity modifying

agent (VMA) were used for self-compacting mortar [43]. Fur-
thermore, multiwall carbon nanotube (MWCNTs) was
attained from US Research Nanomaterials, Inc and graphite

powder was attained from Daejung Company and GNPs were
produced by exfoliation of natural graphite powder. The fea-
ture properties of nanomaterials used in making mortar can

be seen in Table 1. Acacia gum (AG) was used as a surfactant
in all formulation for effective dispersion of nanomaterials
with the host matrix.

2.2. Mixing and preparation of samples

After the selection of suitable dispersant and completion of the
sonication process using a Jac 1505 sonicator operated at an



Table 1 Properties of MWCNTs and GNPs.

Nano

media

External

diameter (nm)

Internal diameter

(nm)

Length

(lm)

Purity

(%)

Specific surface area

(m2/g)

Ash content

(wt.%)

Density (g/

cm3)

Specific

gravity

MWCNTs 20–30 5–10 10–30 >97 110 <1.5 2.1 2.1

GNPs – – 6.78 >98 154 – – 1.62
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amplitude of 40 kHz for 60 min, the suspension solution of
GNMs was added in ordinary Portland cement with sand.

The water to cement ratio (w/c) adopted in this work was
0.38 for self-compacting mortar (SCMs) whereas 0.45 for con-
ventional cement mortar (CCMs). The cement to the sand

ratio used was c/s = 1:1.5 in all specimens. Superplasticizer
demand for mix formulation was determined by trials using
Hagerman’s apparatus in order to get the required target flow

for self-compacting mix (SCMs) samples only. Moreover for
conventional mix SP dosage was kept constant as 0.75%.
However in self-compacting dosage was varying as mentioned
in Table 2. The mixing process of the materials conforming to

EN/196-1 was performed using a standard Hobart mixer cap-
able of rotating from 140 ± 5 rpm to 280 ± 5 rpm. The detail
of the mix formulation is presented in Table 2. The mixing of

material was cast in oil molds having a dimension of
160� 40� 40 mm3 for mechanical testing. The mortar speci-
mens after casting were de-molded after 24 h and cured with

water until testing.

2.3. Workability test of SCMs and CCMs

Different trials of self-compacting mortar containing
nanocomposite were conducted to determine the required
quantity of super-plasticizer by using Hagerman’s mini cone
slump having 10� 7� 6 cm3 dimension in order to get the tar-

get flow of 30 ± 1 cm according to EFNARC standard. Dur-
ing different trail test, measurement of total spread containing
nanomaterials with time as well as the time required to achieve

spread at T25 cm of all formulation was measured. T25 cm
spread defines the viscosity of the system, whereas T30 cm
spread defines the yield stress of the desired system. For all

mixes total spread was in the range of 29–30.2 cm. T25cm
and T30cm values were noted in the range of 2–3.6 and 19–
33.5 s respectively. For conventional mix slump values were
determined by using flow table test according to ASTM

C143-7 overall diameter of the mortar was recorded in the
range of 225–235 mm. This test is also used to determine the
workability of mortar.
Table 2 List of SCMs and CCMs.

S. No. Formulation CNTs (%)

1 SCM-1 0

3 SCM-2 0

4 SCM-3 0.009

5 SCM-4 0.040

6 CCM-1 0

7 CCM-2 0

8 CCM-3 0.009

9 CCM-4 0.040
2.4. Water absorption and air content of SCMs and CCMs

Water absorption of graphite nanomaterials cement composite
was measured according to ASTM C642. The mortar speci-
mens after casting were de-molded after 24 h numbered and

weighted, using the electronic balance of high accuracy and
cured with water until testing. After 28d the cured specimen
was taken out and weighed again in saturated condition by

removing surface water using tissue paper or towel. The water
absorption of specimens can be found by using the given equa-
tion which is expressed in percentage. Luftgheltsprufer testing

apparatus was used to determine the air content of all formu-
lation containing nanomaterials according to ASTM C231
[44].

water absorption %ð Þ ¼ W2 �W1ð Þ
W1

where W2 is the saturated weight of mortar sample and W1 is
oven-dried weight
2.5. Rheological properties

Effect of rheological properties on cement mortar with nano
media was measured by using Brookfield DV-111 Ultra Pro-

grammable Rheometer. The Bingham model was then used
to calculate yield stress and plastic viscosity of cement mortar
with intruded nano media which was operated at different
shear rates. It is important to mention here that rheological

properties of SCMs mix were only determined as conventional
mix was having problem in flowability and requires more SP
demands to internal resistance. Rheological properties of all

formulations were evaluated by using the Bingham model.
The mathematical form of the Bingham model is as follows.

s ¼ s� þ lqc

where s represent shear stress and s� ,lq,c represents yield

stress, plastic or apparent viscosity and shear rate [45].
GNPs (%) W/C SP (%)

0 0.38 1.8

0.08 0.38 2.86

0.071 0.38 2.61

0.080 0.38 2.48

0 0.45 0.75

0.08 0.45 0.75

0.071 0.45 0.75

0.040 0.45 0.75



Fig. 1 Typical load vs deflection curve of nano-modified cement

mortar.

Fig. 2 Shrinkage measurement of CCMs and SCMs.
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2.6. Shrinkage control investigation

Linear shrinkage responses of fresh hybrid nano intruded
cement mortar were investigated by using a German modified

shrinkage apparatus. In the current study, a German modified
shrinkage apparatus of dimensions 4� 6� 25 cm3 with sensi-
tivity 0.31 lm was used that accounts for total linear shrinkage

measurement protocols. Shrinkage measurement of the afore-
mentioned formulation was kept for about 48hrs in shrinkage
apparatus.

2.7. Mechanical response of nanomaterials

The flexural strength of nanocomposite specimens was con-

ducted on 54 prisms using three-point bending tests conform-
ing to ASTM C348-14 in which 160� 40� 40 mm having a
clear span length of 120 mm, un-notched prism were tested
at age of 3, 14 and 28 days. The test was conducted under load

control in which the rate of the load was kept as 0.003 mm/
min.

The compressive strength of nanocomposite specimens was

determined on two halve specimens after the flexural test and
was conducted according to ASTM C349-14. Before subjecting
to a compressive test the two halves samples were inspected for

the cracks which might be induced during the flexural test. The
test was conducted under load control in which the rate of the
load was kept as 0.25 MPa/seconds. Moreover, stress-strain

test was performed using 20KN Shimadzu machine and con-
ducted on specimens at 28 days using a three-point bending
test. The strain load was kept as 0.003 mm/min as these are
Quasi-brittle material. A typical response of load versus curve

of nanomaterial is shown in Fig. 1.

3. Result and discussion

3.1. Linear shrinkage protocols

Shrinkage investigation of self-compacting and conventional
mortar was measured by using a modified German-based
apparatus. The nano intruded composite cement-based formu-

lations show adamant reduction in shrinkage response as illus-
trated in Fig. 2. This is due to high aspect ratio, dense packing
of C-S-H gel within the matrix. Formulation SCM-3

shows maximum diminution shrinkage response about 66%
compared to control SCM-1 specimen. The addition of

nanoparticles enhances the microstructure, which ultimately
provides more nucleation sites. Similarly reduction in shrink-
age is observed in formulations SCM-2 and SCM-4 about
37% and 51% respectively. The same trend was also observed

in conventional cementitious mortar. Formulation CCM-3
shows maximum decrease in shrinkage about 61% compared
to CCM-1. This is mainly due to presence of nano media in

cement matrix. CCM-2 and CCM-4 likewise, show same
response trend about 54% and 28% respectively. The overall
adamant reduction in shrinkage of self-compacting and con-

ventional cement mortar is listed in Table 3. The refinement
in pore size led to decrease in pores size by providing nucle-
ation sites in freshly cement mix. These will then enhances
the microstructure with dense C-S-H gel, eventually reduces

the shrinkage response.

3.2. Air content of nanomaterials

The air content of nano media is indirectly related to strength
and enhancement in microstructure aspect. The encroachment
of these nano media within the cement matrix adamantly

reduces the air content in overall formulation including self-
compacting and conventional cement mortar as shown in
Fig. 3. Formulation SCM-2 (GNP 0.08%) show decrease in

air content about 28% as compared to control sample. This
reduction in air content elucidated the effect of nano media,
which enhances the microstructure, making dense packing
within matrix. Moreover, it is also due to the effect of super-

plasticizer in the mixing stage, which produces more nucle-
ation sites, captures the voids, and fills the nano media
within the matrix. This reduction trend of air content is similar

for SCM-3 and SCM-4 formulations about 16% and 25%
respectively. Formulation with conventional one in which no
superplasticizer show same behavior. The maximum reduction

is observed in formulation CCM-2 about 27% compared to
control sample. Filler effect of these nano media enhances
the overall microstructure. These nanoparticles act as reinforc-

ing agents inside the cement matrix capture the pores and fill
the void thus reducing the air content. CCM-3 and CCM-4
show reduction in air content of about 26% and 21%
respectively.
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3.3. Water absorption of nanomaterials

Adamant reduction in water absorption of nano media is
observed as shown in Fig. 4. Formulation SCM-3 shows
65% decline in water absorption as compared to control spec-

imen. Similarly, SCM-2 and SCM-4 of self-compacting show
62% decline in water absorption. This is mainly due to the
high aspect ratio of nano media, fill the pore size within the
matrix. These nano media act as filler effect enhances the

microstructure. Moreover in conventional mortar CCM-2
(0.08%) shows maximum reduction in water absorption of
about 78% due to larger surface area, aspect ratio of graphite

nano media within the matrix. These graphite nano media
especially GNP fills the voids in between cement matrix. Sim-
ilarly 60% and 28% adamant decline in water absorption is

observed in CCM-3 and CCM-4 formulations respectively.

3.4. Rheological properties

Effect of nano media on rheological properties was estimated
by using Brookfield apparatus. The method adopted for esti-
mating rheological properties is based on study performed
by Nehdi et al. [46]. Only the rheological properties of self-

compacting mortar were estimated. It is believed that for rhe-
ological properties the specimen has enough flowability against
the movement of spindle. Moreover the concentration of nano

media in both formulations SCMs and CCMs was kept same,
only the superplasticizer dosage was changed in SCM to make
it flowable. So the rheological properties of both formulations

will behave same. It is observed in SCMs that the overall
response of yield stress and plastic viscosity increases ada-
mantly compared to control sample as shown in Figs. 5 and
6. Formulations SCM-2 and formulation SCM-3 depict ada-

mant increase in yield stress of about 53% and 32% respec-
tively. This is mainly due to the enhance microstructure by
the intrusion of nano media. This makes the internal matrix

dense. The increase in yield stress in SCM-2 and SCM-3 is
due to entrapped water molecules inside the agglomerated
structure of nano media and formation of agglomerates. This

entrapped water molecule reduces the availability of free
water, thus increasing the yield stress. However formulation
SCM-4 depicts decrease in yield stress as compared to SCM-

2 and SCM-3. SCM-4 shows increase in yield stress as com-
pared to control sample. This decrease in yield stress is due
to less entrapped water in between flocculated/agglomerated
nano media, therefore yield stress decreases by the presence

of free water [47].
The resistance against the flow of Newtonian fluids is called

viscosity. The viscosity of nano media is shown in Fig. 6. The

viscosity of nano media shows adamant increases due to the
presence of nano media. Formulations SCM-4 depicts the ada-
mant enhancement in viscous nature of about 12% due to the
Table 3 Shrinkage response of SCMs and CCMs.

Formulations CCM-1 CCM-2 CCM-3

Reduction in shrinkage 1629.6 755.684 630.554

Percentage reduction (%) 0 54 61

Variation with CCM 100 46 39
presence of hybrid nano media. Furthermore, the addition of
nano media accelerates the re-agglomeration in between nano
media. This is due to high aspect ratio of hybrid nano media

also the presence of nano media in cement matrix fills the pores
sizes, enhances the microstructure and make dense packing in
cement matrix. This dense packing increases the overall vis-

cous nature of nano media in cement composite.

3.5. Stress-strain response of SCMs and CCMs

The stress-strain responses of nano intruded cement mortar
composite, when subjected to flexural loading, are presented
in Fig. 7 (a). Fig. 7(b) shows the placement of specimen for

flexural test. The response reveals that by the intrusion of these
fibers the overall response of cement composite when subjected
to bending has been increased. The strain load of 0.003 mm/
min increases the response but doesn’t show peak response

causing the material to fail in brittle nature. However, response
shows that using this nano media depict significant increase in
strength. This is attributed to load-carrying capacity of fibers

at nanoscale level. This increase in strength effect is also seen
in scanning electron microscopy in Fig. 8. This attributed to
the deviation in crack propagation and more production of

hydrated cement products see Fig. 8(a) and (b). Furthermore
self-compacting mortar obtained 34% more strength as com-
pared with control sample of conventional mix. The possible
reason may be use of superplasticizer and workability enhance-

ment in self-compacting mortar. Formulation SCM-4 shows
upsurge enhancement of about 93% in strength as compared
to control sample. This is due to the hybrid effect of nano

media in cement matrix. Similarly SCM-2 and SCM-3 show
88% and 47% enhancement in strength aspect. Conventional
formulations also depict enhancement of about 87% as com-

pared to control sample. SCM-4 and CCM-4 show synergistic
effects by intrusion of carbon nanotubes as well as graphite
nanoplatelets. Moreover CCM-2 and CCM-3 depict 84%

and 80% strength respectively.

3.6. Flexural strength

The intrusion of these nano media depicts significant enhance-

ment in flexural strength as shown in Fig. 9. The concentration
of graphite nano media in cement composite in both self-
compacting and conventional mortar increases the strength

as compared to control sample. SCM-4 and CCM-4 depict
maximum enhancement in strength properties about
12.12 MPa and 8.75 MPa respectively. This is due to synergis-

tic effect of these nano media in cement matrix. Similarly,
SCM-2 and SCM-3 showed increase in strength of about
11.84 MPa and 9.24 MPa respectively. The same trend is also

observed in conventional mortar. Formulation CCM-4 shows
8.75 MPa enhancement as compared to control sample.
CCM-4 SCM-1 SCM-2 SCM-3 SCM-4

1171.85 1235.32 773.93 416.41 607.68

28 0 37 66 51

72 76 47 26 37



Fig. 4 Water absorption of SCMs and CCMs.

Fig. 5 Yield stress of SCMs. Fig. 6 Plastic viscosity of SCMs.

Fig. 3 Air content of SCMs and CCMs.
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Fig. 7 (a) Stress-strain response of SCMs and CCMs and (b) Specimen placement for flexure test.

Fig. 8 (a) Dense packing; (b) crack deviation.

Fig. 9 Strength response of SCMs and CCMs at different days.
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Fig. 10 (a) Strength of nano media at 28 day; (b) SEM of nano media showing dense structure of CSH Gel.

Fig. 11 Compressive strength of SCMs and CCMs at different days.

376 F. Farooq et al.
Likewise increase in response is also observed in CCM-2 and
CCM-3 formulations. Also it is evident that during mixing

process the porous behavior of cement is filled by these nano
media, providing nucleation sides. The 28 days strength of
nano media is illustrated in Fig. 10(a). Furthermore, it is

clearly elucidated in microstructure, that these nano media
dense the C-S-H gel fills the voids and enhances the strength
by load-carrying capacity as shown in Fig. 10(b).

3.7. Compressive strength

The compressive strength results of nanocomposite mortar
reinforced with nano media at different days age are shown

in Fig. 11. The composite nanomaterial reinforced with
graphite nano media in both self-compacting and conventional
cement mortar exhibit better compressive strength. Enhance-

ment in strength is due to load carrying or transferring of load
to fibers to fibers. Formulation SCM-4 shows maximum
enhancement in strength about 61.1% as compared to control

sample. Whereas CCM-2 in conventional mortar shows
27% increase as compared to control CCM-1. The overall
increase in 28 days in mortar composite is illustrated is shown

in Fig. 12. Moreover difference in trend is observed between
SCM and CCM, however the intrusion of nano media
enhances the strength. This is due to the well disperse and
reinforcing effect between adjacent matrixes which ulti-

mately increases the load-carrying capacity when stress is
applied the load is transferred to the interface of graphite



Fig. 12 28 days strength of nano media.

Fig. 13 Dense C-S-H Gel with crack deviation
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nanomaterials causing an increase in overall enhancement in
loading criteria. It is evident in the scanning electron micro-
scopy that intrusion of nano media provides nucleation sides,

formation of dense C-S-H gel. Thus increases the overall load
carrying capacity which is depicting in Fig. 13.

4. Conclusion

This paper provides the performance of hybrid nano media
(GNPs and CNTs) in conventional as well as self-

compacting mortar. Comparison was made between SCMs
and CCMs by varying the percentage of nanomedia and SP
Dosage. The following conclusion can be drawn

� By the intrusion of nano media significant reduction in both
SCMs and CCMs was recorded. This is due to high aspect

ratio, dense packing of CSH gel and more hydrated cement
products. SCM-3 and CCM-3 recorded the maximum
reduction in shrinkage. The maximum diminishing response
causing to increase in load carrying capacity.
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in shrinkage was 66% for SCMs mix and for conventional

61% was observed against there control sample
respectively.

� By the intrusion of nano media, microstructural properties,

hydrated cement products grow significantly which was
observed in reduction in air content and water absorption.
Nano media prodcues more nucleations side, captures the
void and fill the pores within the matrix.

� By intrusion of nano media rheological properties of SCMs
enhances drastically. Overall 53% increase in yield was
observed for SCM-2 mix while 12% increase in viscosity

for SCM-4 mix.
� Nano media significantly enhances the flexural strenght of
the specimens, and load carrying capacity of fibers at nano

scale level. Scanning electron microscopy reveals crack devi-
ation phenomena of hybrid nano media with the adjacent
matrix. Thus enhances the overall response in term of
mechanical, microstructure and shrinkage protocols.
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