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ABSTRACT - This paper presents the findings of the stability, thermal conductivity and viscosity ARTICLE HISTORY
of CNTs (doped with 10 wt% graphene)- TiO2 hybrid nanofluids under various concentrations. Revised: 26" Sept 2020
While the usage of cutting fluid in machining operation is necessary for removing the heat Accepted: 6" Oct 2020
generated at the cutting zone, the excessive use of it could lead to environmental and health issue KEYWORDS
to the operators. Therefore, the minimum quantity lubrication (MQL) to replace the conventional Hvbri .

. \ . \ . \ lybrid nanofluid;
flooding was introduced. The MQL method minimises the usage of cutting fluid as a step to achieve Thermal conductivity;
a cleaner environment and sustainable machining. However, the low thermal conductivity of the Viscosity; Temperature;
base fluid in the MQL system caused the insufficient removal of heat generated in the cutting zone. Concentration

Addition of nanoparticles to the base fluid was then introduced to enhance the performance of
cutting fluids. The ethylene glycol used as the base fluid, titanium dioxide (TiO2) and carbon
nanotubes (CNTs) nanoparticle mixed to produce nanofluids with concentrations of 0.02 to 0.1
wt.% with an interval of 0.02 wt%. The mixing ratio of TiO2: CNTs was 90:10 and ratio of SDBS
(surfactant): CNTs was 10:1. The stability of nanofluid checked using observation method and zeta
potential analysis. The thermal conductivity and viscosity of suspension were measured at a
temperature range between 30°C to 70°C (with increment of 10°C) to determine the relationship
between concentration and temperature on nanofluid’s thermal physical properties. Based on the
results obtained, zeta potential value for nanofluid range from -50 to -70 mV indicates a good
stability of the suspension. Thermal conductivity of nanofluid increases as an increase of
temperature and enhancement ratio is within the range of 1.51 to 4.53 compared to the base fluid.
Meanwhile, the viscosity of nanofluid shows decrements with an increase of the temperature
remarks significant advantage in pumping power. The developed nanofluid in this study found to
be stable with enhanced thermal conductivity and decrease in viscosity, which at once make it
possible to be use as nanolubricant in machining operation.

INTRODUCTION

In a certain application where the heat transfer systems are required, the performance of heat transfer fluids has become
a significant concern. Such as conventionally used fluids including the water, ethylene glycol and mineral oil have low
thermal conductivity, the modification needed in efforts to enhance the efficiency of the heat transfer fluid (HTF) [1, 2].
One of the effective methods introduced by Choi and Eastman [3] where the nanosized particle (with size less than 100
nm) suspended in conventional HTF. The additions of nanoparticle have been proven by several researchers [4-8] to
enhance HTF’s thermophysical properties. Therefore, the gaining interest to investigate the effect and performance of
adding nanoparticle in conventional base fluids. The machining process is one of the various applications that require the
heat transfer system to cool down the heat generated at the cutting zone [9, 10]. The conventional cutting fluid practice,
however, was only able to reduce certain part of the heat in the cutting zone due to high pressure in the contact interface
between tool and workpiece [11]. Thus, the new effective method introduced in order to utilise the cooling/lubrication
fluids in minimal quantities fully, such as minimum quantity lubrication (MQL) [10, 12]. Realising the potential outcome
of nanofluid in the heat transfer system, several researchers [13-18] have to focus their study on developing types of
nanocoolant/nanolubricant for MQL. However, it is essential to study these two attributes before it can be applied in
machining operation since thermo-physical properties such as thermal conductivity and viscosity affected the overall
performance of nanofluid.

Thermal conductivity is an essential variable for enhancing the heat transfer performance of the fluid. Nanoparticle,
being an additive to nanofluids, plays a vital role in changing the thermal transport properties of nanofluids suspension
[19]. Enhancement of thermal conductivity is affected by a few factors such as temperature condition [20], the shape of
nanoparticles [21], size of nanoparticles, type of nanoparticles [22] and type of base fluids. By mixing nanoparticles with
base fluid, the thermo-physical properties of the fluid may change as the nanoparticles have higher thermal conductivity
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compared to base fluid [3, 23]. A significant improvement in the thermal behaviour of nanofluid as it enhanced the thermal
conductivity as the concentration of nanoparticles increased [24-26]. The capability of carbon nanotubes in enhancing the
thermal-physical properties of nanofluids also discussed and investigated by a few researchers. For example,
Munkhbayar, Tanshen [27] was able to achieve 14.5% enhancement in MWCNTs-Ag nanofluid at low concentration
(0.05 wt.%). The influence of temperature on thermal conductivity of MWCNTs-water nanofluid and found that thermal
conductivity enhanced as temperature increases [28]. The viscosity of nanofluids is also an essential factor in ensuring
the overall effectiveness of nanofluids in heat transfer applications besides the enhancement of the thermal conductivity.
Theoretically, the viscosity is a measure of fluid’s resistance to flow.

The possible issue regarding the viscosity of nanofluids is that addition of nanoparticle may enhance the viscosity
under certain conditions and give significant disadvantages due to rise in pumping power [23]. The increment in viscosity
ratio (nanofluid to base fluid) is more than four times compared to increment in thermal conductivity ratio (nanofluid to
base fluid) [24]. However, the contradicting results as the viscosity of nanofluids decrease with increased temperature
and particle size of the nanoparticle [28-31]. The viscosity of nanofluids depends on many factors such as temperature,
particle size and shape, surfactants used, dispersion technique, volume concentration and so on. Thus, these criteria need
to be considered for validating the experimental results.

Further works with different material are required to determined and understand the effect of nanoparticles on the
viscosity of nanofluids. The present work focuses on to investigate the stability of TiO>-CNTs nanofluid with a different
concentration in ethylene glycol as base fluid. This work aims to evaluate the thermo-physical properties of nanofluids in
terms of thermal conductivity and viscosity. The stable and efficient nanofluid would lead to enhanced heat transfer
performance before deemed to be suitable to be suspended as a lubricant in machining operation.

METHODS AND MATERIALS
Nanofluids Preparation

Ethylene glycol, TiO; and CNTs were used in this research to prepare hybrid nanofluids. TiO, and CNTs nanoparticle
selected due to its excellent performance in terms of reducing the coefficient of friction [32, 33], improved surface
roughness [34] and increased tool life [35]. The TiO, nanoparticles obtained in powder form purchased from U.S.
Nanomaterials with an average size between 5-10 nm. Meanwhile, the CNTs used multi-walled carbon nanotubes
(MWCNTs) type, doped with 10 wt% graphene. The outer and inner diameters of particles are 30 nm and 12 nm,
respectively, with the length range from 10-30 um. The properties of TiO, and MWCNTs nanoparticle is presented in
Table 1. Ethylene glycol with purity > 99.75% and sodium dodecylbenzene sulfonate (SDBS), both purchased from Sigma
Aldrich used as base fluid and surfactant respectively. Figure 1 shows the morphology (TEM image ) of (a) MWCNTs-
doped with 10 wt.% graphene nanoparticles and (b) TiO nanoparticles. Based on TEM image, MWCNTs depict the
cylindrical shape with multiple SWCNT nested inside one another, while TiO; particles were roughly spherically shaped
with some appear to be faceted and visibly arranged chain-like configuration.

Table 1. The properties of TiO, and MWCNTs nanoparticles.

Properties Titanium dioxide (TiO,) Multi-walled carbon nanotubes (MWCNTs)
Shape Spherical (faceted) Cylindrical
Size (nm) 5-10 Outer diameter: 30
Inner diameter: 12
Density, p (g/cm?) 4.23 2.1
Molar mass (g/mol) 79.86 181.2
Colour White Black
Purity (%) >99 >97

The preparation of stable nanofluid in this study is based on the two-step method, direct mixing technique. Nanofluids
prepared with different concentrations, ranging from 0.02 to 0.1wt% with 0.02 increments. The ratio of TiO; particle to
CNTs particles used was 90:10. The required amount of nanoparticle to be dispersed in a base fluid is calculated using

Eq. (1).

mnp
_ pnp
Y= My, iy (b
pnp pbf

where np indicates nanoparticle, bf represents the base fluid, ¢ is volume concentration, and p is density.

In order to assure the nanoparticles are well dispersed in base fluid and leave no settling particle, the mixing and
sonication timing maintained. During the preparation of nanofluid, the nanoparticles were first added into base fluid and
mixed using magnetic hotplate stirrer for 2 hours. The mixed solutions were then going through sonication process using
the ultrasonic processor for another 4 hours. Surfactant also used in this suspension in order to avoid agglomeration of
nanoparticles and obtained more stable suspensions. Sodium dodecylbenzene sulfonate (SDBS) was chosen due to its
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ability to stabilise the hybrid suspension for more than two weeks. The ratio of surfactant to CNTs used was 10:1 in terms
of weight of the particle.

Stability Test

The analysis of the stability of nanofluids was produced in this study using zeta potential analysis and observation
methods. Particle analyser (model Litesizer 500 from Anton Paar) used to record the value of zeta potential. The desired
nanofluid to be measured first injected into the omega cuvette, that has an inverted omega-shaped capillary tube with
capacity 50 pL. Then, it placed in the robust casing of Litesizer Particle Analyzer before the zeta potential measured by
electrophoretic light scattering at targeted temperature 20°C. The speed of particle measured in the presence of the
electrical field. Thus, the faster the particle moves, the higher the zeta potential value and indicates more stable
suspensions. Typically accepted zeta-potential values for the nanofluid suspension stability is presented in Table 2 [36].
Meanwhile, in the observation method, the photo of nanofluids was captured every day for two months duration. The
height of sedimentation that occurs at the bottom of nanofluid also measured throughout the process.

(b)
Figure 1. TEM images of (a) MWCNTs-doped 10 wt% graphene nanoparticles and (b) TiO, nanoparticles.

Table 2. Zeta potential values and nanofluid suspension stability [36].

Zeta potential value (+mV) Stability

0 Little or no stability

15 Some stability but settling lightly
30 Moderate stability

45 Good stability, possible settling

60 Excellent stability, little settling likely

Thermal Conductivity Measurement

Thermal conductivity of TiO,-CNTs hybrid nanofluid was measured by using Thempos thermal analyser. Hybrid
nanofluid was placed in the test tube before immersed in a water bath at an initial temperature of 30 °C. Needle (sensor)
inserted into the test solution and adjusted to fits at the centre of the test tube. Good thermal contact between the sensor
and hybrid nanofluid is critical for the accurate measurement of thermal conductivity. The thermal conductivity values
were measured at the main menu in SI unit; watt per meter Celsius (W/m°C). The error value of reading was considered
less than + 0.01. The temperatures of the water bath were then gradually increased to 40 C, 50 C, 60 C, and 70 C. The
average readings were taken five times for each solution concentration and temperature, respectively.

Viscosity Measurement

The viscosity of hybrid nanofluids suspension was measured using MCR 92 Anton Paar Rheometer. The temperature
of 25 C, up to 100 C and spindle speed of 1000 rpm were considered during the measurement of the viscosity. The
measurement of viscosity appears in units of miliPascal per second (mPa/s) while the shear stress reading was recorded
in units of Pascal (Pa). The average readings were taken five times for each solution concentrations and temperature.

RESULTS AND DISCUSSION
Stability of Nanofluid

Preparation methods, nanoparticle characteristics, type of base fluid, surfactant, pH of the solution and ultra-sonication
time were some of the factors that affected the stability of nanofluids. The unstable nanofluid happens mainly due to
proneness of the nanoparticle to aggregate, from the presence of high surface charge on them [37]. Stability of nanofluids
is crucial as it can alter the thermophysical properties such as thermal conductivity, viscosity, and density, with time.
Thus, unstable nanofluid would result in depreciation of the potential benefit of nanoparticle in heat transfer. Many
methods were available nowadays to evaluate the stability of nanofluids. The simplest method is sedimentation
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photograph of nanofluids in test tubes. Nanofluids were left to observe in a certain period of times to ensure there is no
or minimal sedimentation settling at the bottom of the solution. Minimal or no sedimentation observed indicates that
nanoparticles are well dispersed, and nanofluids are stable enough. Figure 2 shows the sedimentation observation of
hybrid nanofluid solution for 24 hours and after two months, respectively. There is no sedimentation spotted at the bottom
of nanofluids for all concentration after 24 hours, and all the suspensions were black. However, after two months of
observation, the suspension with a concentration of 0.08 wt.% and 0.1 wt.% changed into slightly greyish colour, with a
height of sedimentation less than 1 mm and most of the black particles stick to the surface of the test tubes. The other
suspension with concentration 0.02, 0.04 and 0.06 wt.% maintained in black colour and no sedimentations observed.

4 " tag b - 2 ) lef71149 16/711a

e ]

0.02 0.04 0.06 0.08 0.10
(b)

Figure 2. Sedimentation observation of TiO,-CNT nanofluids with concentration 0.02-0.10wt.% for (a) 24 hours and
(b) after two months.

Besides observation methods, the long term colloidal stability of hybrid nanofluids was measured using zeta potential.
It is the qualitative observation of the hybrid nanofluids in static conditions. The relationship between nanofluids stability
and zeta potential values arises from mutual repulsion that occurs between like-charged particles. Particles with high
surface charge tend not to agglomerate since contact is opposed, which then leads to good stability of the suspensions.
Table 3 shows zeta potential value for TiO,-CNTs hybrid nanofluids with a concentration of 0.02 wt.% up to 0.1 wt.%,
measured after mixing suspensions. The zeta values for all hybrid nanofluid concentration were above 30mV (), indicates
to have excellent stability. A negative value of zeta potential resulted from the use of surfactant in a nanofluid. Surfactants
were categorised depending on the charge of the head group of surfactants. It can be anionic (negatively charged), cationic
(positively charged), non-ionic (neutral) or amphoteric (both negative and positive charge). Sodium dodecylbenzene
sulphonate (SDBS) that been used in this study fall into the anionic group. Thus, the addition of SDBS in suspension
altered the surface charge of nanoparticles that high in positive charge initially to negative charge. The separation of
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SDBS in the suspension to produce phenyl sulfonic group which adsorbed on the nanoparticle, successively increasing
the net negative charge on nanoparticle surface [38].

Table 3. Measured zeta potential value for TiO>-CNTs hybrid nanofluid.

Base fluid Concentration (wt%) Ratio of TiO,-CNTs Zeta potential value (mV)
0.02 90:10 -65.48
0.04 90:10 -70.97
Ethylene glycol 0.06 90:10 -57.65
0.08 90:10 - 65.76
0.10 90:10 -74.22

Thermal Conductivity Enhancement

The evaluation of thermophysical properties of hybrid nanofluid such as pH and zeta potential, thermal conductivity,
viscosity and particle size distribution was analysed in order to implement nanofluid in practical applications. Moreover,
the overall effectiveness of hybrid nanofluids in the heat transfer system can be evaluated when the enhancements of
thermal conductivity and viscosity considered at the same time. By adding the nanoparticles in the base fluid, the thermal
conductivity is expected to improve since nanoparticles have higher thermal properties when compared to base fluid [3,
23]. The thermal conductivity of TiO»-CNTs nanofluid was measured using Thempos thermal analysis at the temperature
0f 30 °C to 70 °C (with an increment of 10 °C) for every concentration. Figure 3 shows the thermal conductivity of TiO»-
CNTs hybrid nanofluids as a function of temperature and volume concentrations, compared to ethylene glycol (base
fluid). It can be seen that an increment in thermal conductivity value for all concentration as temperature increased (up to
60 °C); therefore, remarks on the improvement of the heat transfer system were due to more collisions between particle
and increasing Brownian motions [39]. However, the thermal conductivity values recorded for hybrid nanofluid solution
with a concentration of 0.02% to 0.06% are higher than 0.08% and 0.10% for all over the temperature.
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Figure 3. Thermal conductivity of TiO,-CNTs hybrid nanofluids as a function of temperature and volume fractions,
compared to base fluid (ethylene glycol).

The thermal conductivity value for hybrid nanofluid suspension with a concentration of 0.06% is 0.6183 W/mK,
significantly higher than the 0.10% concentration (0of 0.3621 W/mK) at 30 °C. The similar trend also observed the highest
thermal conductivity value of 1.2549 W/mK for 0.06% concentration at 60 °C. While the lowest thermal conductivity of
0.6809 W/mK was observed for 0.10% concentration. Even though the dependence of thermal conductivity value to the
nanofluid concentration, it is almost difficult to compare the results with previously studied due to few factors [40]. Even
the same concentration used, factors such as particle morphology and size, surfactant quality and quantity, the quantity
of nanoparticle dispersing in base fluid make significant changes on the overall results obtained. However, the possible
explanation on higher concentration nanofluid in this study has lower thermal conductivity value was because of
aggregation of the nanoparticle. Since the concentration increase, the chances of aggregation of particle increase, thus
hindering the enhancement benefit of adding nanoparticles [41-43]. The contradicting results on thermal conductivity
enhancement for the same particle size found that the thermal conductivity value decreases as concentration increases
[42]; however, the thermal conductivity enhanced as concentration increases [41]. After 60 °C, the thermal conductivity
for all concentration decreased due to the usage of surfactants. Although using surfactant as nanofluid stabiliser gave few
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advantages, it also has a downside as surfactant is sensitive to hot temperature. The rise in temperature causes the bonds
between surfactant and particle to break, thus creating instability of the nanofluid and affecting thermal conductivity
measurement [43].

Thermal conductivity ratio is defined as the ratio of thermal conductivity of nanofluid to the base fluid and deemed
as good approach to determine the effect of nanoparticle on thermal conductivity enhancement [44]. Table 4 shows the
thermal conductivity enhancement ratio (k,/ksy) determined at temperatures of 30 °C and 60 °C. It was found that the
thermal conductivity ratio is dependent to the concentration of nanofluids at the temperature of 30 °C, as the ratio value
increased with larger concentration (for 0.02 to 0.06% concentration) but slightly decrease for 0.08 and 0.10%
concentration. Meanwhile, increasing trend of ratio was seen to be the same until 0.06% concentration, and start to
decrease at 0.08% until 0.1wt.% concentration at 60 °C temperature. Increased thermal conductivity of nanofluid, when
compared to the base fluid, can be explained through several mechanisms. Brownian motion of nanoparticle was slow to
transport the significant amount of heat through nanofluid, thus influenced the particle clustering and eventually affected
the enhancement of thermal conductivity [45, 46]. Besides that, it is known that layer structured would be formed on
particle surfaces by liquid molecules in base fluid-nanoparticles mixture. This layer is important in the heat transfer
process of a solid to adjacent liquid. Since the specific surface area (SSA) of nanoparticles is large compared to micron-
sized particles, the effect of heat transfer across the interface was more significant. However, it is not a dominating factor
that led to an increase in thermal conductivity.

Table 4. Thermal conductivity ratio of TiO2-CNTs hybrid nanofluids at 30 °C.

Temperature (°C) Concentration (%) ks (W/mK) kpr (W/mK) Knt/kor

30 0.02 0.4172 0.2022 2.06
0.04 0.4610 0.2022 2.28
0.06 0.6183 0.2022 3.06
0.08 0.3046 0.2022 1.51
0.10 0.3621 0.2022 1.79

60 0.02 0.9089 0.2771 3.28
0.04 0.9487 0.2771 3.42
0.06 1.2549 0.2771 4.53
0.08 0.7031 0.2771 2.54
0.10 0.6809 0.2771 2.46

Another mechanism that related to the enhancement of thermal conductivity is the clustering of nanoparticles. This
phenomenon creates paths of lower thermal resistance and eventually increased the thermal conductivity significantly.
When the larger cluster settles down in base fluid, the physical volume of particles is much smaller compared to the
effective volume of cluster. Thus, the heat can move very rapidly within such cluster, and contribute to the increase in
thermal conductivity. However, as the concentration of nanoparticles increase, the effective volume of cluster decreased,
thus resulting in a decreased trend of thermal conductivity values. For example, from the results obtained through this
study, the increment of thermal conductivity values for nanofluid with 0.02%, 0.04% and 0.06% concentration was found
higher throughout the increasing temperature, compared to 0.08% and 0.10% concentration because of the effective
volume larger for loosely packed cluster than the closely packed cluster [45]. Nevertheless, the clustering of nanoparticles
also resulted in decreased thermal conductivity value due to the settling particles in the base fluid. This settling particle

would create larger regions of particle-free liquid with high thermal resistance and high particle arrangement at the bottom
of the fluid.

Variation of Viscosity with Temperature

The study of viscosity is a significant concern in connection to lubrication of suspensions [47]. In the machining
process, the developed heat from the friction of tool-workpiece surfaces reduced by the presence of a suitable film liquid
created by cutting fluids between the moving surface. The least viscous lubricant still forces the two moving surface apart
to achieve fluid bearing to desired. Lubricant that is too viscous need more considerable energy to move, and when it is
too thin, the surface comes in contact and increases the friction. Thus, it is crucial to ensure that the addition of
nanoparticles to the base fluid improved the viscosity properties of nanofluids, that leads to better heat transfer
performance.

Figure 4 shows the viscosity of TiO>-CNTs hybrid nanofluids as a function of temperature and volume fractions
compared to base fluid (ethylene glycol). The viscosity of hybrid nanofluids for all concentration was higher than the
base fluid throughout the temperature rise. With the addition of nanoparticle to the base fluid, the fluid resistance against
movement increased thus explained the rise in dynamic viscosity values. Meanwhile, the viscosity of nanofluids decreased
with increasing temperature for all concentrations, thus remarks almost dependent relationship between viscosity and
temperature. The highest viscosity of 15.82 mPa/s was recorded at 25 °C by 0.10% concentration, while the lowest (of
13.882 mPa/s) by 0.02% concentration. The viscosity keeps reducing as temperature increases, and at 70 °C, 0.02%
nanofluid still recorded the lowest viscosity of 4.1484 mPa/s compared to other concentrations. However, higher
concentration nanofluid gave higher viscosity value compared to the lower concentrations due to the dynamic viscosity
increase as concentration increase [48]. This discovery can be explained by particle theory in liquid, where molecules
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loosely packed and intermolecular attraction is strong [49]. When the temperature increases, the energy level of liquid
molecules increases and the distance between molecule increases. The relative motion of molecules become easier, as the
intermolecular attraction between molecules decreases, resulting in reduced viscosity [50]. The addition of nanoparticle
to base fluid improve the viscosity of suspension in the function of temperature [29, 51-54]. However, findings by Chen,
Xie [55] slightly contradict to the data obtained, as they measured the temperature effect of multi-walled carbon nanotubes
nanofluid at temperatures of 5 °C to 65 °C. The results indicated that the relative viscosity increases significantly with
temperature after 55 °C. Thus, as many factors influence the viscosity of nanofluid, the contradict various variables may
have caused value.
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Figure 4. Viscosity of TiO,-CNTs nanofluids as a function of temperature at different volume fractions, compared to
base fluid (ethylene glycol).

Figure 5 shows the variation of shear stress against shear strain curves for TiO,-CNTs hybrid nanofluids at a
concentration of 0.02%. Eventually, all concentrations showing the same trend of curves which indicates that nanofluids
fall into category shear thickening fluid. The shear-thickening material is the viscosity increase with the rate of shear
strain, related to change in lubrication regimes between particles. Shear thickening fluid is non-Newtonian fluids. This
peculiar effect usually occurs with suspensions of small particle, where it has first observed as a liquid of low viscosity
and reacts like a liquid of very high viscosity when mixed more rapidly [56]. The employment of non-ionic dispersant in
nanofluid contributes to shear thickening behaviour [56]. However, the relations between surfactant existence to the
viscosity of nanofluids need further experimental investigations.
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Figure 5: Shear stress vs shear strain curves for TiO,-CNTs nanofluid with a concentration of 0.02%.

CONCLUSION

In this paper, TiO,-CNTs nanofluid with the addition of SDBS as surfactant prepared by concentration ranging from
0.02% to 0.1%, and at 90:10 ratio. The stability of nanofluids observed using sedimentation photo capturing method and
zeta potential analysis. Thermo-physical properties of nanofluids, including thermal conductivity and viscosity, also
measured for temperature between 30-70 °C and 25-70 °C, respectively. Based on the results obtained, there are few
conclusion drawn as follows:
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i The nanofluids were stable enough for all concentration, with little sedimentation spotted after two weeks for
0.0.8% and 0.1% concentration. The best stabilisation of nanofluid observed in 0.02-0.06% concentration, where
the zeta potential analysis recorded at the range of -57 mV to -70 mV and no sedimentation occurred for at least
two months.

ii. Thermal conductivity of nanofluid increase as temperature increase, for all concentration, thus remarks an
enhancement on the heat transfer system. However, after 60 °C, the k value for nanofluid decreased, as results
of breaking bonds between surfactant and nanoparticle. The thermal conductivity enhancement also found not
dependent on the volume concentration, as k value for higher concentration nanofluid lower compared to lower
concentration nanofluid.

iii. The viscosity of nanofluid found to decrease linearly with increasing temperature. Meanwhile, the addition of
nanoparticle increased the viscosity of suspension when compared to the base fluid, and continues to increase as
volume concentration increases.

iv. From the results obtained, a TiO,-CNTs nanofluid with 0.02%, 0.04% and 0.06 wt.% concentration shows the
most effective enhancement in terms of stability, thermal conductivity and viscosity.
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