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Abstract—The influence of multiwall Carbon nano-tubes
(MWCNTS) addition on the physicomechanical properties of
geopolymer mortar produced from alkaline activation of
industrial aluminosilicate slag waste has been studied through
the measurement of compressive strength, water absorption,
fourier transform infrared spectroscopy (FTIR) and X-ray
diffraction (XRD). The control geopolymer mix composed of
(50:50wt., %) water cooled slag (WCS) passing 90um and quartz
sand passing 1 mm, the alkaline activator used for geopolymer
activation is (6wt.,%) NaOH from the total used binder.
MWCNTSs added to the geopolymer mortar in ratio from 0 up to
1 wt., % with 0.2% increment from the total binder, however
gelenium C-315 super-plasticizer used in the range from (1.7-
5.1%) from the total binder weight, depending on the added
nano-tube, for better dispersion and prevent agglomeration of
the added MWCNTSs. However, MWCNTSs sonicated with the
added super-plasticizer which increase with MWCNTS ratios for
15 min at 40°C for effective dispersion. The results showed that,
an enhancement in the physicomechanical properties of resulted
mortars with MWCNTSs addition up to 0.8%, reflecting the good
dispersion within the matrix, leading to strengthen and form
cohesive structure, while further increase in the MWCNTSs leads
to agglomeration and so hinder interaction between the binding
materials. Results also showed increase in compressive strength
by 13% and 17% upon using 0.2 and 0.8% MWCNTs and
decrease by 2 % upon using 1% MWCNTs for 90 days using
mortar specimen.
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I. INTRODUCTION

Increasing emphasis on energy conservation and
environmental protection lead to investigate of
alternatives to traditional building materials.Among
the goals of these investigations are to reduce
greenhouse gas emissions and minimize the energy
required for material production. Currently,
Portland cement is the leading material for
industrial concrete demand worldwide; fulfilling a
demand of over 1.5 billion tons annually. The
production of Portland cement is energy-intensive

and releases a significant volume of carbon dioxide
(COy) to the atmosphere. For each ton of Portland
cement manufactured, it is estimated that about one
ton of CO, released into the environment [1]. The
process involves very high temperatures (1400-
1500 °C), destruction of quarries to extract raw
materials, and emission of greenhouse gases such as
CO, and NOx. The costs associated with these
energy requirements are significant. Consequently,
the need arose for further investigation into
cementitious products with decreasedenvironmental
impacts and enhanced economic benefits. Readily-
available commercial by-products such as fly ash
and blast furnace slag have been adopted to meet
these demandsand used as geopolymers. The
recycled use of this ash material in construction will
alleviate the cost of disposal elsewhere and reduce
the cost of concrete manufacture overall.

Geopolymers are inorganic polymeric materials,
firstly developed by Joseph Davidovits in1970s.
Geopolymerization involves a chemical reaction
between alumino-silicate oxides and alkali metal
silicate solutions under highly alkaline conditions
yielding amorphous to semicrystalline three-
dimensional polymeric structures, which consist of
Si—O-Al bonds [2].

Recently, carbon nano-tube (CNT) since
discovered by lijima in 1991[3], has been widely
used for a variety of applications due to their
excellent physical properties; high strength, and
Young's modulus of individual CNT is about 1.8
TPa [4]. CNT exhibited great mechanical properties
along with extremely high aspect ratios (length-to-
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diameter ratio) ranging from 30 to more than many
thousands. They are expected to produce
significantly  stronger and tougher cement
composites than traditional reinforcing materials
(e.g. glass fibers or carbon fibers). ). In fact,
because of their size (ranging from 1 nm to 100 nm)
and aspect ratios up to 1000, CNT can be
distributed in a much finer scale, giving as a result
more efficient crack bridging at preliminary stage
of crack propagation within cement composites.
However, properties and dimensions of CNT
strongly depend on the deposition parameters and
the nature of the synthesis method, i.e., arc-
discharge [5], laser ablation [6], or chemical vapor
deposition (CVD) [7]. In view of a commercial
application, the arc-discharge technique is the only
one that can offer a path towards low-cost and large
scale production [8],[9]. In fact, CNT, obtained
with a complete graphitization process achieved by
heat-treatment at high temperature [10], either in
vacuum or inert environment, show outstanding
mechanical properties [11]. On the other hand,
while lattice defects limit mechanical strength, they
are reactive spots that can be used to produce
functional groups on the outer walls by chemical
treatments with acid solutions. These superficial
chemical groups, such as carboxylic (—COOH)
groups, can originate strong chemical bonds
between CNT and cementitious matrix, thus
enhancing high reinforcement efficiency even
thought to the detriment of graphitization degree
[12],[13]. Furthermore, chemical treatments can
help to dissperse the bundles; hence facilitate a
uniform dispersion at the single tube level,
especially in aqueous media such as that for cement
composites. Proper dispersion and adequate load
transfer are the main challenges in the search for
efficient CNT reinforced cement composites [14].
Chen et al. [15] provided a complete literature
review of CNT-cement nanocomposites; their
review focused on the effect of CNTs on the
properties of OPC including fabrication, hydration,
mechanical properties, porosity and transport,
conductivity and piezoresistivity. It was found that
the dispersion of CNTs in cement remains one of
the main challenges in improving the fabrication of
CNT-OPC mixtures. Adequate dispersion of CNTs
in cement is challenging as van der Waals forces

are  responsible  for their bundling and
agglomeration even at very low concentrations,
thereby limiting their potential benefits [15],[16].
The enhancement of mechanical and electrical
properties depends on how well the CNTs are
dispersed within the cement matrix. The literature
review highlighted many inconsistent results on the
effect of CNTs on the mechanical properties of
OPC. However, it is well established that the
current. Mechanical properties of CNT-OPC are
not satisfactory for structural applications indicating
further research is needed to find ways to uniformly
disperse  CNTs in cement [15]. In terms of
durability, previous studies on the effect of CNTs
on the pore structure of CNT-OPC composites
suggested that CNTs can act as nucleating sites for
the cement hydration and as a result, the overall
porosity and pore continuity are reduced [15].

The alkaline activation used to process
geopolymers has the potential to enhance the
interaction of MWCNTs with the geopolymeric
matrix by two positive effects, leading to improved
mechanical and electrical properties. The first one
is the effect of sodium hydroxide (NaOH) on the
dispersion of MWCNTSs within the geopolymetric
matrix. Previous studies have shown that NaOH
acts as a surfactant and removes the oxidation
debris from the surface of CNTs and consequently
allowing them to de-bundle and form well dispersed
nanotubes within the matrix [16].

The main goal of our research work is to evaluate
the optimum ratio of MWCNTSs, which results in an
enhancement in the performance of geopolymer
mortar mixes, upon studying the mechanical

strength, XRD, FTIR, and water absorption of the
hardened geopolymer structures.

Il. EXPERIMENTAL WORK
A. The used Material

Materials used in this investigation are well-
grinned water cooled slag passing a sieve of 90 pum,
sourced from Iron and Steel Company, Helwan
governorate, Egypt, Sand sourced from Oases
(Wahat)-Road, Egypt and finally Sodium hydroxide
(NaOH) used as alkali activators purchased from
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SHIDO Company (Leningradskaya Oblast, Russia)
with 99% purity. The used water cooled slag and
sand were analyzed by means of a chemical
analysis as represented in Table (1) and identified
by means of XRD as represented in Fig.1 which
indicate that water cooled slag is mainly amorphous
and sand is mainly consist of quartz.

B. Synthesis and Characterization of MWCNts

Carbon Nano-tubes which used for enhancing of
geopolymeric mortar are of multiwall type
consisting of many nested cylinders whose
successive radii differ by roughly the interlayer
spacing of graphite. The morphology and
microstructure of the as-synthesized carbon
nanomaterials were characterized by transmission
microscope (TEM), as shown in Fig.2,which
depicts the representative TEM image of as-
synthesized carbon nanotubes deposited on 50%
Co/MgO by Acytelen gas decomposition at 700 °C
reaction temperature and ~ 4h time-on-stream.
These images show that the morphologies have
tubular structures, i.e. they are multi-walled carbon
nanotubes (MWCNTS) and the boundaries between
MWCNT tubes are clear. The diameters of the
MWCNTSs are mostly in the range of 14-24 nm.

TABLE 1

OXIDE CONTENT OF RAW MATERIALS

major bands were observed, representing D-and G-
bands. The D- bands, observed at 1250-1350 cm ™,
is known as either the disorder induced due to the
wall disorder or the presence of amorphous carbon
deposited on the outer surface of nanotubes. The G-
band (observed at 1550-1600 cm™) can be
attributed to the degree of graphitization of
MWCNTSs. The ratio of ID/IG of the D and G-band
can be regarded as an index for the crystalline order
of MWCNTSs; the high ID/IG value (> 1) indicates
that there is high structural disorder in the carbon
nanotubes obtained on the catalysts. However the
lower ID/IG value (< 1) suggests the enhancement
in graphitization of deposited carbon. The high
intensity of the G-band (417 cm™) relative to D-
band (270.7 cm™) (ID/IG ratio ~ 0.65) suggests that
the MWCNTs synthesized under the optimum
conditions were highly graphitized [18].
Thermo-gravimetric analysis (TGA) is very
important tool for clarifying the yield, stability and
quality of the as-grown MWCNTSs, as indicated in
Fig.1d where the catalyst presented a single
oxidation inflection, which indicates that the
amorphous carbon is extremely low and high purity
MWCNTSs are produced, also, TGA Data determine
the onset, and offset (end) temperatures represent
the temperature at the initial weight loss,( 496 °C)
and the final weight loss, (692 C) respectively. The

Oxide Sio, | ALO, | Fe,O, CaO | Na,0 | MnO SO, Cl | TiO, | KO | P,O, | SrO | BaO | MgO | Loss | Total
content(%o)

WCS 36.67 | 10.31 | 0.50 | 38.82 | 0.48 | 4.04 2.17 0.57 0.04 | 018 | 3.28 1.70 0.12 | 99.90

Sand 93.80 | 143 0.73 1.02 0.22 045053 | 0.09 | 0.34 | 0.18 - 0.12 1.04 99.95

It is obvious in Fig. 2 (a, b) the dark object in the
pictures is related to the Co metal particles of the
catalyst.

Raman spectroscopy was employed to analyzed
the degree of grahitizationof the produced
MWCNTSs as represented in Fig. 2c; where the two

Large difference between the onset and end
temperature (192 °C) is attained on the catalyst.
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This can be attributed to the formation of large
diameters of MWCNTS, which are proved by TEM
photos Figure 2(a, b). Based on these results, the
formation of ideal graphitized carbon nano-
materials and the highest carbon yield are gained on
it.

C. Dispersion of MWCNTSs

The MWCNTSs were first mixed with Gelenium
C315-polycarboxylate based super-plasticizer and
50% of the added water. This Polycarboxylate-
based superplasticizer has been proven to be
effective for CNTs dispersion [19]. The solution
was sonicated using a Fritish 450 Sonifier Analog
Cell Distributor for 15 min [20]. Solutions with
concentration of [0.2, 0.4, 0.6, 0.8 and 1-wt., %] of
the total weight of the matrix were used to identify
the MWCNTSs concentrations for the evaluation of
the threshold ratio of MWCNTS.

I11. SYNTHESIS AND CURING

The alkaline activator composed of 6 wt., %
NaOH, and prepared 24hr prior to casting. The
Geopolymer mortar is reinforced with MWCNTS
concentrations: [0.0 (control), 0.2, 0.4, 0.6, 0.8 and
1-wt., %] of the binder weight.Accordingly, mixing
was performed as follows: Geopolymer was made
by hand-mixing of raw materials for each mixture
passing a sieve of 90 um as represented in Table (2)
according to the following sequence:

. The previously prepared MWCNTS particles

sonicated for 15 min with 50 % of the added
water and the specified quantity of the
gelenium C315 super-plasticizer for better
dispersion of nano-tubes materials under a
temperature of 40°C.

. The geopolymer materials passing a sieve of

90 um as represented in Table (2) were hand
mixing with the alkaline activator solution
which dissolved in the remaining water
content for 10 minute followed by a further
5 minute using rotary mixer and mixed at
medium speed (80 rpm) for another 30 s.

. The MWCNTs and super plasticizer were

added and stirred with mixture at high speed
for additional 30 s.

. The mixture was allowed to rest for 90 s and

then mixed for 1 min at high speed.
Immediately after molding, the specimens
were cured at room temperature for the first
24 hrs. At the end of the moist curing period,
the cubes were demoulded and curied in a
humidifier chamber at 40°C (100%R.H.)
until the time of testing from 3 up to 90days.
At the end of curing regime, the specimens
were subjected to compressive strength
measurements and then the resulted crushed
specimens were subjected to stopping of the
hydration process by hydration of crushed
samples at 105°C for 24 hrs [21].
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. with high magnification.

Figure (2a, b): TEM pictures of catalysts after growth of CN'Ts using 50%Co/ MgO catalyst
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Figure(2c): Raman spectroscopy of CN'Ts over 50%Co/MgO catalyst
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IV. METHODS OF INVESTIGATION

Chemical analysis was carried out using the
Axios PW4400 WD-XRF sequential spectrometer
(Panalytical, Netherland), CuKa source with a post
sample Ka filter. X-ray diffraction (XRD) patterns
were collected from 0° to 50° 28 (step size 0.02° 26
and speed 0.4°min™%). Silica quartz was used as an
internal standard. Data were identified according to
the XRD software (pdf-2: database on CD-Release
2005). Bonding characteristics of geopolymer
specimens were analyzed using the Jasco- 6100
Fourier transformed infrared spectrometer (FTIR;
Tokyo, Japan).The wave number was ranging from
400 to 4,000 cm ™ [22].

Stopping of hydration was performed on crushed
specimens by drying of the crushed samples at
105°C for 24 hrs [21]. Compressive strength
measurements were carried out using five tones
German Bruf Pressing Machine with a loading rate
of 100kg/min.

Water absorption can be defined as the increase
in the weight of cubes due to the absorbed water
within the pore structure, but not including in water
adhering to the outside surface of the particles. It is
expressed as a percentage to the dry weight and
determined according to ASTM C20-2010 [23].

TABLE 2

COMPOSITION OF THE GEOPOLYMER MIXES (MASS, %)

Mix | WCS | Sand | NaOH% | MWCNTSs | Gelenium | W/B
No. C315%

Co 50 50 6 1.7 0.28
C; 50 50 6 0.2 1.7 0.28
C, 50 50 6 0.4 2 0.283
Cs 50 50 6 0.6 25 0.288
C, 50 50 6 0.8 3.3 0.296
Cs 50 50 6 1 51 0.314
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V. RESULT AND DISCUSSION

XRD patterns of control mix as well as
geopolymer mixes with [0.2, 0.8, 1 wt, %]
MWCNTs cured in 100% relative humidity and
40°C at 90 days are shown in Figure (3). The
patterns illustrate an increase in the broadness of
the band in the region of 6° to 10° 20 for
aluminosilicate gel and at 17° to 35° 20 related to
the glassy phase of the geopolymer constituents up
to 0.8(wt., %), this can be explained by the fact;
MWCNTs act as nucleation centers for the
formation and accumulation of geopolymer [15] -
[24]. Increasing the addition of MWCNTs of
1(wt,%) results in a pessimism effect by forming
agglomerates which are concentrated in a small area
and so hinder the formation of geopolymer phase.
FTIR spectra of 90days cured control geopolymer
specimens having [0.2, 0.8,1 wt, %] MWCNTSs is
shown in Fig.4. Band descriptions are as follows:
stretching vibration of O-H bond in the region
3,429 to 2,300 cm*, bending vibration of HOH in
the region of 1,595 to 1,628 cm’, stretching
vibration of CO, located at about 1,430 cm™’,
asymmetric stretching vibration of T-O-Si at about

980 to 1,100 cm—1, where T=Si or Al, CO,
symmetric stretching vibration at about 870 cm %,
symmetric vibration of o-quartz at about 797 cm’
! symmetric stretching vibration of AL-O-Si
between 770 to 780 cm ', symmetric stretching
vibration of Si-O-Si and Al-O-Si in the region 675
to 685cm *, and bending vibration of Si-O-Si and
0-Si-O in the region 450 to 460 cm*. The pattern
illustrate the increase in the intensity of the
asymmetric T-O-Si band with MWCNTSs increase
in addition to the increased peak broadness up to
0.8%, while further increase results in lowering in
the previous band intensity. The increased intensity
with MWCNTS attributed to the increased content
of N-A-Si-H &C-A-S-H, where CNT with high
nucleation  efficiency  enhance  geopolymer
formation and accumulation in addition to the
ability to bind CSH on its surface at the carboxyl-
sites of super-plasticizer by interaction of soluble
Ca*%ions of the pore solution, therefore the
carboxyl group of super-plasticizer on the surface
of MWCNTSs results in the increase in growth of
CSH-phases [25]. The pattern clarify also, the
increased dissolution of a-quartz of a-quartz of
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unreacted at silicate up to 0.8%, however, the
increased of MWCNTs beyond the latter ratio
results in agglomeration within the matrix which
has pessimism effect on strengthen structure.
Compressive strength values of hydrated control
and geopolymer mixes containing various
MWCNTSs contents from 0.2 up to 1 wt.,, % at
different curing times of 3, 7, 14, 28 and 90 days at
100% relative humidity and 40°C are shown in
Fig.5. Evidently, the compressive strength of all
mixes increases with curing time as a result of
progressive hydration, forming CSH as well as
geopolymer formation leading to the formation of a
fine and homogeneous structure. The results
illustrate an increase in strength by 13%, 17% when
using 0.2% and 0.8% MWCNTs and decreased by
2%when using 1% MWCNTs after 90 days as
compared with the control mix. The increase in
strength confirmed by XRD data fig.3, where
increased CSH in addition to the increased hump in
the region 17-35 (2°0) reflects the growth in the

9 bending vibutions of (8 O and O-Si-0).

of (T-O8i), 5 xymmetnic vibertion of CO,,
a chi ilreation of (85-O-8i and Al-O-80),

-

amorphous geopolymer constituents. The latter data
also confirmed by FTIR spectra fig.4, where the
asymmetric band of T-O-Si increases in both
intensity and broadness with MWCNTSs up to 0.8%,
However, the increase of MWCNTSs beyond the
latter ratio results in agglomeration of the added
CNT and so hinder the interaction of the reacting
geopolymer materials resulting in the formation of
porous matrix with many points of defects and
lower strength value. Water absorption of
geopolymer mixes containing MWCNTs in the
ratios from 0.2 up to 1 wt., % at different curing
ages are shown in Fig. 6 Obviously, the results in
Fig. 6 indicate the decrease of water absorption
with the increase of curing time as a result of
progressive hydration with the formation of CSH
and geopolymer formation, leading to a denser
structure. Evidently, it decreases with increasing
MWCNTSs content up to 0.8% and then increases
slightly up to 1%. The decease of water absorption
with increasing MWCNTSs is due to the fact that
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when a material with high specific surface area is
added to a mix specimen, it acts as a micro-filler of
the matrix particles, which can reduce the amount
of water that filled in the voids of the blending
materials.

V1. CONCLUSION

1-MWCNTs showed an enhancement in the
mechanical properties of geopolymer mortar
compared to the control mix. It was found that the
addition of MWCNT to geopolymer mortar can
greatly enhance its compressive strength up.
2-Compressive strength increased by 13% and 17%
upon using 0.2 and 0.8% MWCNTSs addition,

Water absorption
N
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Fa.6 Wator absorption of

4
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resp
ectively, while decreased by 2% upon using
19%MWCNTs for 90days as compered with the
control mix.

3-Water absorption decreased with addition of
MWCNTSs up to 0.8%and increased with further
addition.

4-XRD data illustrate the increase of CSH and
amorphous geopolymer constituent with MWCNTSs
up to 0.8%, while decreases with further increase.
5-FTIR, clarify the increase of asymmetric band (T-
O-Si) for the amorphous geopolymer constituents
with MWCNTs up to 0.8% and decreases with
further increase.

0.8 1

0.6
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