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ABSTRACT

The objective of this study is to analyze the effects of using surfactant (CTAB) and cellulose nanofibers (NFC) as
an admixture in cement mortars. We examined composite properties as porosity, compression energy, thermal
conductivity and hydration. The results showed that with the addition of 0.7% by weight of NFC per emulsion
in the presence of a cationic surfactant (CTAB). The new material produced presented a dry porosity between
4.7% and 4.4%, compressive strength between 9.8 and 22.9 MPa, and thermal conductivity between 0.95 and
2.25 W·m−1·K−1. Thus we show better mechanical and thermal performance than that traditional Portland cement
mortar with a density similar. In addition, the mortar made by emulsion of ordinary portland cement, cellulose
nanofiber and organophilic clay (OC) treated with cetyltrimethylammonium bromide (CTAB) obtained has good
resistance under high temperature and water, as well as excellent thermal insulation performance under high tem-
perature and humidity conditions. This study verified that the presence of NFC promotes hydration, leading to
the production of more calcium silicate and portlandite gel.
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Nomenclature
CTAB Cetyltrimethylammonium Bromide
C-S-H Calcium-Silica-Hydration
NaOH Sodium Hydroxide
OPC Ordinary Portland Cement
OC Organophilic Clay
NFC Nanofiber Cellulose
TEMPO 2,2,6,6-Tetramethylpiperidine 1-oxyl, 2,2,6,6-tetramethyl-1-piperidinyloxy
NaBr Sodium Bromide

1 Introduction

In Tunisia, several agricultural wastes have been used in research on composite cement as a building
fiber with building and construction materials, including wood, palm fiber, Posidonia oceanica and Alfa
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[1]. Indeed, there are many benefits to using fibers made from biological sources, including their wide
availability, low cost, large specific surface area and unique mechanical qualities [2]. When natural
vegetable fibers are added to concrete during the mixing process, the characteristics of simple concretes
are improved. These fibers have long been utilized to reinforce clay and mud. On the mechanical
characteristics, structural behavior, and potential applications of natural fibers in buildings, numerous
studies have been published.

Currently, a variety of cementitious composites based on clay minerals and natural fibers are utilized in a
variety of applications, including the building industry. Materials made of natural clay in particular offer
strong thermal insulation qualities, low mechanical resistance and nevertheless [3]. However, various
techniques were developed to enhance the physicochemical characteristics of the wood fibers using clay
and cement [4]. Nanofiber cellulose is now used for a variety of applications, including acoustic
protection, thermal insulation, environmental cleanup, aviation, and bio medicine [5].

For reasons of high energy consumption, it is necessary to look for new materials to store energy and
conserve it. Current research has focused on the creation of insulating building materials, with excellent
mechanical and thermal properties. But the improvement of mechanical residences leads to a general lack
of thermal insulation performance. The majority of general electricity consumed in homes these days is
used for heating and cooling [6].

To maintain thermal comfort within buildings, it is mandatory to use materials with high heat exchange
performance with phase change materials in the building envelope. In this context, several studies consider
the reasoning that adding thermal insulation materials to walls and roofs can improve energy consumption
[7]. In the case of thermal insulation, these materials react as a substance that slows down the movement of
heat into and out of building structures. One of the most important properties to look for in this study is
thermal conductivity [8–10].

Nowadays, research on bio-composite materials, natural clay, vegetable fibers, sisal, flax, and wood
fibers are used to reinforce the cementitious matrix to improve the mechanical properties, accelerate the
production of calcium silicates, promote the hydration [11–13] and optimize the acoustic and thermal
properties of composite materials based on a cementitious matrix [14,15]. Based on porous structures,
suspensions of volcanic ash and natural clay particles have been the subject of several studies [16,17].
Given these properties and in this context, the case of clay composite materials was chosen for our study.
Because of their abundance, availability and surface properties, exposed clays, modified or exchanged
with polyelectrolytes, are used as filler or reinforcement in composite materials to improve the structural
properties of cement-based composite materials [18]. In addition, it should be noted in many studies that
the use of organophilic clay treated with a cationic surfactant, has attracted considerable importance in
industrial research [19] due to its excellent performance in physico-chemical properties which possess
(high specific surface) [20].

It should be noted that the developments in the sectors of buildings and green building materials,
biodegradable and environmentally friendly, have approved that the use of natural fibers contributes to
minimizing the release of CO2 into the atmosphere [21]. Cellulose nanofibers offer many advantages, but
they also have several disadvantages that have limited their use outside the building and cementitious
composite materials sectors. Indeed, the interfacial adhesion that initially exists between the fibers and the
cementitious matrix is relatively low, and the mechanical characteristics and their durability are negatively
affected by the degradation of the fibers in the cementitious matrix [22]. In addition, the addition of clay
to a cementitious matrix is limited, which poses problems in their use.

In order to improve the mechanical and thermal properties and reduce the alkalinity rate of the
cementitious matrix, we have reduced and blocked the formation of Ca(OH)2, through the use of cement-
based composite materials that have been produced by incorporating cellulose nanofibers and
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organophilic clay particles, while wishing to improve the microstructural properties and the reinforcing
properties between the matrix and the cellulose nanofibers [23,24]. To achieve this objective, it is
interesting to use the CTAB surfactant as an adjuvant between the cellulose nanofiber (NFC) and the
treated organophilic clay platelets in order to promote the interaction with Ca(OH)2 by producing a gel of
calcium-silica (C-S-H) hydration. The Zeta potential has been used to describe the charge on the surface
of cellulose nanofibers (NFC). In addition, X-ray diffraction, FTIR and SEM were used to characterize
organic clay in powder form. Mechanical treatment of the clay with cetyltrimethylammonium bromide
(CTAB) produced the organic clay. The physical characteristics and thermal conductivity of cement
composites reinforced with cellulose nanofibers are researched and analyzed.

2 Materials and Methods

2.1 Materials
Quaternary alkyl ammonium salt CTAB (Mw 336.39 g/mol) is a cationic surfactant that is soluble in

water and is used to make OC.

For cementitious matrix composites, CTAB-modified cellulose nanofibers (NFC) and organophilic clay
(OC) have been employed as reinforcement. This organophilic clay is a natural clay treated with a cationic
surfactant CTAB. All the mortars developed are based on a cementitious matrix. The cement used in our
work is Ordinary Portland Cement: OPC (NFP15-301) (Table 1).

2.2 Particle Size Determination
The particle size diameters of sand and their hydrodynamic diameters were measured at 20°C using a

Malvern Nano-zetasizer ZS (Malvern, UK) with a fixed scattering angle of 173°. The dispersions were
not diluted before starting the measurements [12]. Dynamic light scattering measurements gave a Z-
average size that was used for the comparison of the different particles (Fig. 1).

Fig. 1 shows that the average volume of silica powder milled for 2 h was 73.53 10−6 m. The specific
surface of quartz sand was 0.83 m2·g−1.

Table 1: Chemical composition of Ordinary Portland Cement [25,26], Copyright © 2019, Tech Science Press

Oxides Cement (wt%)

CaO 65.47

SiO2 19.82

Al2O3 4.66

Fe2O3 3.03

MgO 0.84

K2O 0.64

Na2O 0.10

TiO2 0.16

SO3 2.87

Loss ignition (LOI) 3.50

Density 3.2 g/cm3

Specific surface area 355 m2/Kg

Average particle size 18.54 µm
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2.3 The Process of Making Organophilic-Clay (OC)
The clay was prepared to be modified with CTAB for 3 h in order to establish the amorphous phase of the

treated clay. In order to synthesize organophilic clays [27], 10 ml of hydrochloric acid [1M] must be added.
Then, the acid solution’s temperature is increased to 80°C. Once this temperature has stabilized, 10−2 moles
of CTAB are added. After four hours of stirring and cationic exchange at 80°C, 10 g of clay is added. The
inorganic cations are subsequently removed by filtering and reintroducing the clay. The clay is properly
cleaned before being dried in an oven at 80°C. It has been shown in numerous experiments that the
intercalation of CTAB cationic surfactants with clay, not only modifies the hydrophilic characteristics of
the clay surface, but also the space between the clay layers, giving rise has a very porous clay.

2.4 The Processing Process of Cellulose Nanofibers
Using a high-pressure homogenizer (NS1001L PANDA 2K-GEA), we created nanofiber cellulose

(NFC) from bleached eucalyptus pulp in accordance with methods previously described by our works
[28]. In a nutshell, 500 × 10−6 mol/g of oxidation was initially applied to the bleached cellulose fibers
[26]. Then, fibrillation was performed by running the fiber suspension (2% by weight) through the
homogenizer ten times at a pressure of 600 bar.

2.5 Mix Proportions
A mortar of cement-based composite materials cement with a water-cement ratio (w/c) of 0.6 was

applied for all the mixtures according to the Tunisian standard NT 47.05 [16]. Before blending, the
cement and organophile clay were first dry-blended for five minutes at a low speed. A mass ratio of
0.6 percent water to cement was used to prepare each sample. The cement pastes were mixed in a mixer
specified according to NT 47.05 [16], and the cement mortar composites reinforced with nanofibrillated
cellulose were prepared with 0% NFC, 0.1%, 0.3%, 0.5%, 0.7%, 1%, 1.5%, and 2% by weight of cement
(Table 2).

For compressive strength testing, cylindrical specimen samples with a cross section of 3.5 mm and a
height of 7 mm were made using various mixtures. The compressive strength results are the average of
the three test values (Table 3).

The samples were taken out of the mold after 24 h and hardened to a relative humidity of 95% and a
temperature of roughly 25.0°C (Fig. 2). Compressive strength tests were performed in accordance with
NT 47.05 requirements after 1, 7, and 28 days of hardening [26].
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Figure 1: Particle size distribution of silica sand
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2.6 Testing and Curing
In order to conduct the mechanical tests, three series of specimens with dimensions (3.5 cm × 7 cm × 1.75 cm)

were created. Following 24 h of casting, all specimens were removed from molds and submerged for roughly 1, 7,
and 28 days. On an “MTS Insight” materials testing machine, tests for compressive strength were conducted.

2.7 Amount of Cement Hydration
By calculating the volume of non-evaporable water present in the cement pastes, the level of cement

hydration was determined. After stopping hydration with acetone and drying to constant mass at 140°C,
cement paste powders made from ground test prisms were analyzed. The samples were then heated to
1100°C and maintained there for 3 h. The samples are then held at room temperature until they cool
before being put into a desiccator. The mass loss between 140°C and 1100°C, normalized by the flaming
mass, was used to calculate the non-evaporable water content of the prepared samples [27].

Table 2: Mixture formulations

Samples Compositions Cement
(g)

Sand
(g)

Mass rate of NFC
(%)

Mass rate of
organophile clay (%)

W/C

NFC-0 Cement+sand 45 90 0 1 0.6

NFC-1 Cement+sand+NFC 45 90 0.1 1 0.6

NFC-2 45 90 0.3 1 0.6

NFC-3 45 90 0.5 1 0.6

NFC-4 45 90 0.7 1 0.6

NFC-5 45 90 1 1 0.6

NFC-6 45 90 1.5 1 0.6

NFC-7 45 90 2 1 0.6

Table 3: Shapes and dimensions of the prepared specimens

Shapes Dimensions Type of use

Cylindrical blocks � = 35 mm
h = 70 mm

Compressive strength measurements

Boards L = 100 mm
w = 100 mm
e = 10 mm

Thermal conductivity and contact angle measurements

Cylindrical pellets � = 10 mm
h = 5 mm

Contact angle measurements

Figure 2: Shapes of (a) cylindrical, (b) boards and (c) pellets specimens
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2.8 Evaluation of Composite Materials Characteristics

2.8.1 Zeta Potential
Measurements of the electrophoretic mobility of the cellulose nanofibers in the aqueous suspension were

made using a potential analyzer (Malven 2000). The fine fraction that was left after filtering the initial fiber
suspension via a 45 µm screen was used for the measurements. The potential values obtained by
electrophoresis corresponded to the measurements of the potential made repeatedly across the whole
suspension using the streaming potential technique (Mute kSZP06, using a 40 µm screen as an electrode).
Following four test measurements, the average of each potential value was calculated.

2.8.2 Infrared Fourier Transform Spectroscopy (FTIR)
After being treated with NaOH, sulfuric acid, and/or CTAB, cellulose nanofiber and natural clay underwent

functional group change analysis using Fourier Transform Infrared (FTIR) Spectroscopy. A Perkin Elmer FTIR
spectrum was used for this test. The samples were measured with a resolution of 4 cm−1 at room temperature.
After baseline correction, all FTIR measurements were carried out in transmission mode.

2.8.3 X-Ray Diffraction (XRD)
The XRD pattern was measured with an X-ray Diffractometer in the 2� range between 9° and 60°, using

CuKα (γ = 1.54 Å) radiation at 40 KV and 30 mA. With an exceptional analysis speed, with a step size of
0.02°/s a collection time of 40 s per step and an incident angle of 1°. The crystallization degree is obtained by
comparing the intensity of the crystalline and the amorphous curve. The crystalline degree of organophile
clay was calculated from an XRD profile. X-ray measurements were made on sample sheets pushed in
powder after the air drying of the OC.

2.9 Thermal Conductivity
22 cm × 22 cm × 1.5 cm samples were prepared and cured for 28 days to conduct thermal conductivity

measurements using a “Heat Transmission Study Bench-PTC 100”, the thermal conductivity of various
samples with dimensions of 24.5 cm × 1.5 cm × 24.5 cm was tested.

The method of displacement with methanol was used to measure the porosity. After 28 days of
hardening, the samples were ground into small particles. The particles ground after 28 days were cured
and then vacuum dried to a constant weight of W0. The dried particles were immersed in methanol for
24 h and the weight of the sample which contains the methanol was noted as W1. Subsequently, the
particles were extracted from the methanol and dried on the surface, and the measured weight was noted
as W2. The porosity of the samples was calculated as follows: P = (W2 − W0)/(W2 − W1).

3 Results and Discussion

3.1 The Time Setting
The NFC-0.7 combination had the quickest setting times, as shown in Fig. 3, and both the initial and

final setting times have dropped as NFC contents mixtures have decreased. The NFC-cement
nanocomposites increased initial and final setting times varied from 6.1 to 38 and 1.8 to 23.38 percent,
respectively. As a result, NFC can serve as an accelerator to cause hydration to happen more quickly.

3.2 Hydration Status
Based on weight loss between 140°C and 1100°C, which is regarded as the amount of chemically bound

water in the hardened cement pastes, the degree of cement hydration was determined [29]. The
thermogravimetric measurement of the unhydrated cement revealed a mass loss at temperatures between
600°C and 780°C, which is consistent with calcium carbonate breakdown [29]. Calculating the mass of
chemically bound water per unit gram of unhydrated cement by dividing the amount of chemically bound
water by the final weight of the material yields the degree of hydration of the cement [30].
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Fig. 4 illustrates the evolution of the cement hydration level as a function of the NFC concentration at
different hardening times. The level of cement hydration rises across the board for all cure ages as NFC
cement paste content rises. The mixture containing 2 percent by weight of NFC results in the highest
cement hydration value. After 1 and 28 days of hydration, respectively, the cement’s hydration rate is
raised by 95% and 25% at this quantity of addition compared to the control mixture. NFC, on the other
hand, increased early hydration in cement paste. In fact, after one day of curing, the cement’s degree of
hydration increased by about 2 percent, 25 percent, 45 percent, 70 percent, 80 percent, 89 percent, and
95 percent for cement that contains 0% NFC and by weight, 0.3 percent, 0.5 percent, 0.7 percent,
1 percent, 1.5 percent, and 2 percent. Because NFC can have the same steric stabilizing effect as water-
reducing admixtures, which guarantees uniform distribution of cement particles throughout the hydration
process, the improvement in the degree of cement hydration was anticipated [31]. Additionally, NFC can
serve as a nucleus to encourage the development of hydrated products, which will increase the cement
early degree of hydration.
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Figure 4: The evolution of cement hydration
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3.3 X-Ray Diffraction-Based Mineralogical Characterization of the Hydration Products
XRD of cement with various NFC contents was conducted to determine how the addition of NFC is

expected to impact the phase composition of cement. Fig. 5 displays similar diffraction patterns at a
young stage of curing (one curing day). Portlandite, ettringite, and calcium silicate phases were among
the predicted hydration products that were visible in the three samples’ XRD patterns (C3S and C2S).
However, because the calcium silicate hydrates (C-S-H gel) are not well crystallized, it is difficult to
distinguish the matching diffraction peaks in the patterns. As a result, the unreacted anhydrous cement
phases are used to analyze the evolution of the C-S-H gel. With the addition of NFC, the calcium silicate
major peaks become less intense because more anhydrous cement phases react in the presence of NFC
(C3S and C2S are transformed into C-S-H). Additionally, compared to the control paste NFC 0 percent,
larger concentrations of portlandite and ettringite are generated in the NFC 0.7 percent and NFC
1 percent samples. According to the amount of NFC added, the peak intensities change over time. By
making more portlandite, ettringite, and C-S-H gel than the pure cement sample, it is discovered that the
addition of NFC promotes the early hydration of the cement [32]. Contrarily, C-S-H, a binding phase of
Portland cement that regulates the mechanical properties of cement, is one of the main hydration
products. As a result, it can be said that the higher content of the C-S-H phase is likely the primary factor
contributing to the significant improvement in the compressive strength of the cementitious matrix [33].

3.4 NFC and Ca2+ Interaction in the Pore Solution
Additionally, as demonstrated in Fig. 6, complexity, COO- can readily mix with Ca2+ in an interstitial

solution. By cross-linking with two or four COO- groups, a Ca2+ ion can cause the aggregation of these
organic molecules [34,35]. This suggests that NFC with structure would aggregate as a result of
combining with Ca2+ in a pore solution, as seen in Fig. 6.

NFC-containing COO− groups can also react with Ca2+, as illustrated in Fig. 6, and this reaction is
probably due to electrostatic attraction rather than complexion. Furthermore, it can properly complete the
first step of the interaction model by avoiding NFC agglomeration and benefiting from NFC disperse ion
in the cement paste.
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Figure 5: XRD spectrum of powder combinations containing (a) 0%, (b) 0.3%, and (c) 0.7% NFC
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From the explanation above, it can be concluded that NFC particles have a lot of COO- groups on their
surfaces, and it is these surface groups that combine with Ca2+ to generate the adsorption of NFC and the rise
in zeta potential (Fig. 7).

3.5 Potential Zeta
Fig. 8 shows that the zeta potential of the pure cement suspension was +5.5 mV. The rapid hydration of

tricalcium aluminate (C3A) is mainly responsible for the existence of positive surface charges on cement
grains [25,26]. However, the zeta potential is obviously decreased in the presence of the addition of NFC,
which has negative surface charges because of the carboxylic groups produced during cellulose,
delignification, and fiber discoloration [22]. With an addition of 0.30 percent, it becomes zero, whereas
an addition of more than 0.30 percent results in a negative rise in the zeta potential. No zeta potential
increase is visible for additions over 1.5 percent. In reality, the absolute value of zeta potential follows
the same pattern of change with Ca2+ concentration by initially declining and then increasing. Given that
large zeta potential causes increased surface adsorption, it may be inferred that the influence of NFC on
the zeta potential may be one of the causes of the change in hydration. It is true that the following can

Figure 6: The complexity between RCOO− and Ca2+

Figure 7: Reaction between (NFC-COO−) and Ca2+ in solution
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account for the shift in zeta potential. The negatively charged groups R-COO- are to blame for the zeta
potential of NFC, which is −33.5 mV. The NFC can readily be adsorbed on the surface of the cement
particles by electrostatic attraction because of its negative zeta potential. The positive zeta potential would
be neutralized to zero as more NFC by mass % was added. Free Ca2+ ions can influence the environment
of negatively charged cellulose nanofibers, resulting in increased or reduced repulsive forces between
them, arguing that the presence of NFC promotes hydration, leading to the production of more calcium
silicate and portlandite gel.

Fig. 9 depicts the amount of surfactant adsorbed as a function of starting concentration. Three zones are
discernible, as follows: we can observe equilibrium in the first case at low concentration. This behavior was
linked to the surface of the composite being neutralized by surfactant adsorption through electrostatic interactions.
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Figure 8: The variation of the load on the surface of the cement according to the quantity of NFC added
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The intercalation of surfactant molecules with water to create the saturation of the first layer is the
explanation for the slope rise in the second zone [22]. It marks the start of mineralization, and a potential
of negative charge in the third zone of CTAB is observed.

Electrostatic forces in this area neutralize the surface of the mortar. At the air/water contact, hydrophobic
interactions cause the surfactant molecules to be adsorbed perpendicular to the surface.

3.6 XRD Analysis
Fig. 10 displays the XRD spectra of both pure clay and organophilic clay. Typical reflections (2� = 6.8°,

12.1°, 21.02°, 26.64°, and 61.98°) are seen in the XRD diagram of pure clay. There are other peaks in the
XRD pattern that represent evidence of impurities like feldspar (2� = 27.52°) and quartz (2� = 21.02°
and 26.88°). After treating the clay with CTAB, there is a noticeable alteration in the diffraction pattern.
The results of the organophilic clay treatment may be seen in the displacement of the primary diffraction
peak from 6.8° to 5.28°. This change confirms the intercalation of the CTAB between the clay layers
(Fig. 10), by the separation between the reticular planes of the family (001) which pass from
d001 = 1.305 nm (2� = 6.8°) to d001 = 1.674 nm ( 2� = 5.28°) [33].

3.7 Solid State FTIR Spectroscopy and NFC Characterization 13C NMR
The unaltered NFC displays the recognizable bands to the cellulose skeleton at 1456 and 1423 cm−1,

respectively, corresponding to the -OH in the binding plane and the -CH2- groups (Fig. 11). The bands of
the hydrocarbon cycles, which correspond to the asymmetric vibration of C-O-C, the cycle vibration, and
the C-O group, respectively, appear at roughly 1160–1110 and 1060–1030 cm−1 in the region between
1200–1000 cm−1, where the hydrocarbon cycles are frequently found. The bending of the water OH
groups that are firmly linked to the surface of the fibers is what causes the peak at 1625 cm−1. When
NaOH was applied, the strength of the peaks at 1732.60 and 1240.05 cm−1 sharply decreased, indicating
that a significant amount of hemicelluloses had been removed [28]. Two additional absorption peaks at
1710.68 cm−1 were visible in the IR spectra of oxidized NFC.

Fig. 12 displays the NMR spectra of the NFC and the oxidized NFC. The signals at 104.7, 89.8, 74.7, 72,
and 69.5 ppm in the NFC’s spectrum correspond to the lengthened displacements of the glucose unit’s six
carbon atoms, which are represented by (C-1), (C-4), (C-5), (C-2), (C-3), and (C-6), respectively.
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3.8 Identification of Organophilic-Clay by FTIR Spectroscopy
Fig. 13 presents the FTIR spectra of pure clay, clay treated with H2SO4, and clay modified with CTAB

surfactant, showing a band around 3624–3390 cm−1 characteristic of stretching vibration of the -OH
function. The FTIR spectrum of clay treated with CTAB shows two peaks (2920 and 2851 cm−1)
attributed to variations in the valence of the stretching vibration of the aliphatic groups -CH2-. The band
around (1628 cm−1) corresponds to the -OH bonds of water molecules adsorbed on the surface of the clay.

Fourier transform infrared spectrum reveals the presence of a stretching vibration band linked to the Si-
O-Si group, peaks around 1428 and 3420 cm−1 which corresponds to the stretching vibration of the -OH
groups, as well as bands around 1263, 2851 and 2920 cm−1, respectively, corresponds to the stretching
vibrations of -CH-. In addition, the spectrum shows a band around 1470 cm−1 attributed to the
symmetrical vibrations of the carboxylic group -COO− of the oxidized cellulose nanofibers [34].

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400.0
20

30

40

50

60

70

80

90

100

110

120

130

140

150

cm-1

%T 

Oxidized fibers

Raw Firbes

Delignified soda fibers
1732.60

1509.04

1732.60

1710.68

1

2

3

Figure 11: IR spectra of oxidized NFC (1), delignified soda fiber (2), and raw NFC (3)

Figure 12: 13C CP-MAS solid-state NMR spectra of NFC (a), and oxidized NFC (b)
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3.9 Scanning Electron Microscopy (SEM)
The surface morphology of untreated clay and clay modified by the addition of a small amount of silica

gel is shown in the micrograph (Fig. 14). The plaques, each measuring 200 nm in size, are layered one on top
of the other in a distinctive package resembling structure heed, as demonstrated by the image. It is easy to see
that specific plates and the layers of the treated clay have successfully separated following this treatment with
CTAB and its modification by the addition of silica gel.

3.10 Control of Density and Porosity in Cement Paste
Fig. 15 displays the density values for NFC-reinforced cement. In general, NFC containing composites

are lower density than those without NFC. This may be ascribed to the void that has formed at the interface
between NFC and cement matrix. Density drops by 45% for composite materials with 1.5 wt% of NFC. This
shows that hemp fiber increases the density of cement composites, but NFC has a filling impact on the density
of cement composites with or without NFC. The density of the cement composite was lowered by adding
1.5% weight of NFC. That enhancement showed that the addition of NFC causes the density to drop and
results in a composite material with a consolidated microstructure.

The findings of cement paste, NFC reinforced composites, and NFC-OC reinforced composites porosity
and water absorption values are displayed in (Fig. 15). The porosity of composites containing NFC cellulose
nanofibers is often higher than that without added NFC in the composites. The creation of voids at the
interface between the matrix and NFC may be responsible for this. In composites containing between
0.5 and 1 percent by weight of NFC, the porosity drops by 1.82 percent. The porosity of these
composites shows that NFC has a diminishing influence on cement paste composite porosity [35,36] and
that NFC concentrations of 0.5 percent weight and 1 percent weight are capable of saturating the surface
and lowering pores.

Fig. 15 shows a reduction in the porosity of the composite materials produced. Indeed, 1% by weight of
clay reduced the porosity of the composites by 18.75%, which explains why the organophilic clay
contributed to the reduction of the porosity by saturating the voids between the cement grains. Moreover,
for quantities greater than 1% by weight of organophilic clay added, the agglomeration effect led to an
increase in porosity for all samples [37–39].
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Figure 13: IR spectra of untreated clay and clay treated with CTAB
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3.11 Evaluation of Sample Mechanical Properties
The results of the studies of the mechanical properties of the cementitious composites developed,

showed improvements in compressive strength by adding cellulose nanofibers [40–42]. In fact, for

Figure 14: Scanning electron microscopy images of pure clay (a, b) and organophile clay (c, d)

Figure 15: Porosity and density variations for control composites as a function of NFC content
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cement composites reinforced with NFC treated, the compressive strength of cementitious matrix composites
increased by nearly 130%, from 9.8 to 22.9 MPa (Fig. 16). The high hemicellulose content of the oxidized
cellulose nanofiber can be exploited to explain the low compressive strength value. The chemical treatment,
on the other hand, demonstrated high performance in mechanical properties. These factors have contributed
to the improvement of the mechanical characteristics of the composites.

3.12 Thermal Conductivity

3.12.1 The Impact of Fiber Count
The typical thermal conductivities of NFC-reinforced composite materials are 2.25, 1.62, 1.15, 0.95, and

1.12W/m·K. The aforementioned findings show that increasing nanofiber concentrations of 0%, 0.3%, 0.5%,
0.7%, and 1% W/m·K each led to a 57% reduction in heat conductivity compared to the pure composite
without NFC (Fig. 17). This decrease might be caused by the addition of too little NFC to encourage the
formation of a homogenous framework. Additionally, the thermal conductivity of a material is influenced
by several factors, including its porosity, water content, temperature, and constituent elements [43].
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Figure 16: The cement pastes reinforced with NFC at 28 days of curing age in terms of compressive strengths
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3.12.2 NFC and Organophilic-Clay Impact
We looked into how thermal conductivity and porosity compared to the rate of NFC reinforcement in

mortar (Fig. 17). Additionally, we observe that the porosity of this substance is increased by the addition
of NFC to the cement [17,39]. Additionally, the thermal conductivity data indicated a reduction in the
amount of heat propagated as the rate of CNF reinforcement in the composite material increased. The
high porosity of the NFC and the significant amount of composite elements in the cement, in general,
contributed to lower levels of thermal conductivity.

It may be deduced that from a rate of 0.7% by weight of NFC and 1% of organic clay, these constituents
contribute to the highest thermal conductivity of the composite material compared to the reference sample.
As a result, the composite heat conductivity rose as additional NFC was added, reaching a maximum of
2 wt%. The reference produced improved thermal conductivity values when compared to hybrid
composites (Fig. 17). The inclusion of NFC in the composite can be used to explain these results [40].
Consequently, the NFC surface showed the presence of the new pores causing a decrease in the adhesion
between the fibers and the cement matrix.

Fig. 17 shows that for reinforcement with 0.3 and 0.7 percent fibers, thermal conductivity falls as the
proportion of fibers increases; this phenomenon can be attributed to the substitution of cement, an
excellent natural insulator and an excellent thermal transmission. When the fiber mass reaches
1.5 percent, the thermal conductivity in this situation diminishes, the heat exchange by conductions
weakens in comparison to the convective exchange, and at the same time, the proportion of pores rises.
Additionally, the heat transfer of cement materials supplemented with NFC and OC varied as a function
of the mass of fibers, and according to the results, it decreased as the proportion of the mass of fiber
increased in comparison to the reference sample. This reduction is mainly due to the high porosity of
NFC and large composite materials. It may be deduced that 0.7 wt% of NFC and the reference. OC
contributes considerably to the heat conductivity of the composite materials compared to the reference
sample to explain the decrease of distinct specimens. As a result, adding 1 percent weight of NFC
increased the composite’s heat transfer, though it was still lower than the reference. It has been
discovered that the NFC surface exhibits the presence of pores, which may diminish the adherence of the
fibers to the cement matrix. As a result, we can claim that the adhesion between the NFC-organophilic-
clay and the matrix is crucial to the overall efficiency of the composite.

In order to highlight our results, a comparison between the values of thermal conductivity obtained in
this work and those obtained in other research works is established in Table 4.

It is very clear that we obtain almost the same values of conductivity, but the interest of our work relates
to the materials of our days.

Table 4: Comparative table of thermal conductivity of cementitious composites

Reference Type of reinforcement Mass percentage added (%) Thermal conductivity k (W/m·K)

Our work NFC 0.7 0.95

[44] Palm fibers 5 1.25

[45] Cellulose fiber 16 1.38

[46] Palm wood fibers 5 1.32

30 1.21

[47] Graphene oxide 2.5 0.88
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3.13 Blended Morphological Characteristics
Fig. 18 displays the surface morphology of specimens that were cured for seven days: Cement with

0% NFC (a) and Cement with 0.7% NFC (b). Low-volume fractions (0.7 wt%) of NFC added to the
cementitious matrix make the matrix denser and less porous. These findings attest to the NFC addition’s
reinforcing of the cementitious matrix material and the kinetic energy of the cement hydration at the
young age of curing (seven days).

3.14 Effect of the Inclusion of Cellulose Nanofibers in the Presence of a CTAB Adjuvant on the Stability
of the Cementitious Matrix
Fig. 19 illustrates the dispersion and stability of cellulose nanofibers by CTAB surfactants in a

cementitious matrix.

a) The adsorption of molecules with polar functions, such as OH, SO4
−, SO3

2−, or COO− type
functionalities.

b) In particular, it involves the binding of charged polymers as a result of the usage of super plasticizers.
The interaction represents the intra-granular repulsion phenomena.

c) Micelles forming at the solid-solution contact.

Pores

Unhydrated grains
Hydrated grains

Unhydrated grains

Hydrated grains

Craks

Figure 18: Cement with 0% NFC sample (a) and cement with 0.7% NFC sample (b) surface morphology
images taken after seven days of curing

JRM, 2023, vol.11, no.5 2361



d) This mechanism explains why poly-naphthalene sulphonate chemisorbs to particular reaction sites
like these two aluminates.

e) The activity of carbohydrates or hydroxyl organic acids by cross linking in the intermediate phase is
suggested by this figure. The production of hydrates like portlandite or C-S-H may then be delayed as
a result of this complexation.

By adhering to particular crystallographic growth sites, the CTAB surfactant may be able to prevent the
formation of hydrate cement, according to the mechanism in (a). The polymer’s (NFC) insertion into the
hydrate structure is shown in Fig. 19.

4 Conclusions

The potential of NFC as a substrate admixture for a concrete mix was investigated in this work. Due to
its hydrophilic potential, high reactivity and high specific surface area, the thermal, mechanical and
microstructural properties have improved. The effects of cationic surfactant (CTAB) on the fresh and
hardened properties of cementitious mortar in this study further show the heat input resulting from the
use of surfactants and cellulose nanofibers (NFC) as an admixture in cementitious mortars for exterior
wall insulation. New thermal insulation by a homogeneous distribution of cellulose nanofibers using an
emulsion in the presence of a cationic surfactant (CTAB) in the cement mortar was prepared in this study.

The expanded organophilic-clay particles and a large number of closed pores generated effectively
reduce the density and thermal conductivity of the mortar. Moreover the addition of 0.7% by weight of
NFC per emulsion in the presence of a cationic surfactant (CTAB), the material produced presented its
dry porosity between 4.4% and 4.7%. The compressive strength is between 9.8 and 22.9 MPa, and the
thermal conductivity is between 0.95 and 2.25 W/m·K, showing better mechanical and thermal
performance than traditional portland cement mortar with similar density.

Anhydrous 
cement 
grains 

Agglomeration

Tradition mortars 
simple

Dissolution of ions (Ca2+, Al3+, OH- , SO4
2-):

Precipitation of hydration products (CH, C-S-H)

NFC gel

CTAB adsorbed 
onto NFC

Surfactant 
cationic CTAB

Adsorption layer 
of the micelle

Water

Cement particles

Setting Time

(a)    

NFC outer C-S-H gel Hydration of cement by producing: 
Portlandite, Ettringite and Cement

Dispersion of hydrated 
Cement product

NFC

Figure 19: Dispersion of NFC and state of the environment of cement grains
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Additionally, adding CTAB and NFC-treated organophilic clay to the cement matrix should result in
improvements, more hydration products forming early in the curing process, and a decrease in thermal
conductivity for effective insulation.
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