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Abstract. Nanofluid is a liquid fluid mixture with a nanometer-sized solid particle potentially applied 

as a heat transfer fluid because it is capable of producing a thermal conductivity better than a 

base fluid. However, nanofluids have a weakness that is a high level of agglomeration as the 

resulting conductivity increases. Therefore, in this study, the synthesis of two nanoparticles into 

the base fluid called hybrid nanofluids. This study aims to determine the effect of nanoparticle 

composition on the highest thermal conductivity value with the lowest agglomeration value. This 

research was conducted by dispersing Al2O3-TiO2 nanoparticles in water with volume fraction of 

0.1%, 0.3%, 0.5%, 0.7% in the composition of Al2O3-TiO2 ratio of 75%:25%, 50%:50%, 25%:75%. 

The synthesis was performed with a magnetic stirrer for 30 minutes. The tests were carried out in 

three types: thermal conductivity testing with KD2, visual agglomeration observation and 

absorbance measurements using UV-Vis, wettability testing with HSVC tools and Image 

applications. The test results showed that the ratio composition ratio of 75% Al2O3-25% TiO2 with 

a volume fraction of 0.7% resulted in an increase in optimum thermal conductivity with the best 

wettability and the longest agglomeration level.  

1 Introduction  

Nanofluid was first coined by Choi in 1995 from the 
Argonne National Laboratory, the United States to 
describe a stable colloid mixture or suspension between 
solid particles that have a diameter in nanometers (10-9 

m) into a fluid base fluid.[1,2,3] Nano Technology itself 
is the manufacture and use of materials or equipment in 
very small sizes. This material is in the realm of 1 - 100 
nm where one nm is equal to one-billionth of a meter 
(0.000000001 m). Scientists refer to the size in the 1 - 
100 nm realm as the nanoscale and the material in this 
realm is referred to as nanoparticles or 
nanomaterials[1,4]. Nanoparticles can be chemically 
stable metals, metal oxides, oxide ceramics, metal 
carbides, metal nitrides and carbon. The basic fluids used 
can be water, organic liquids, biocides, oils and 
lubricants[5].  

Nanofluid is a liquid which is said to be potentially 
applicable to industries such as microelectronics, 
transportation and manufacturing[6]. Theoretically 
nanofluid has a better thermal conductivity than its basic 
fluid, besides that brown motion effects will occur on 
nanoparticles which causes nanoparticles to float on the 
base fluid so as to minimize the occurrence of 
agglomeration in nanofluids. If applied, the possibility of 
clogging in the canal is very small, then because of the 
small particles, the abrasion between the nanofluid and 

the small duct wall occurs[7]. The development of 
nanofluid and its application can be said to be very rapid, 
this can be seen from the number of published articles 
and scientific writings. Some examples of research are 
Nandy Putra et.al [8] who conducted a study of the 
effects of nanofluid concentration on the performance of 
heat pipes [9] regarding sedimentation in nanofluids 
during natural convection experiments, 
Khaleduzzamana, et al. [10] about the stability of Al2O3-
nanofluid water for electronic cooling systems and much 
more. 

Along with the development of nanofluid-related 
research technology, it is continuously improved to 
obtain the best properties. It is known that single 
nanofluid does not have all the characteristics that are 
beneficial for certain applications. In a single nanofluid, 
there are problems, where the thermal conductivity is 
high but easily agglomerated and vice versa [11]. 
Agglomeration has a negative impact on nanofluid 
stability, accelerates the deposition of nanoparticles due 
to gravity and causes a decrease in the ability of 
nanofluids to conduct heat[12]. In addition to thermal 
conductivity and agglomeration, the ability of nanofluid 
in conducting heat is also influenced by wettability. 
Because of these problems, researchers began 
developing and conducting research on hybrid nanofluid. 
Hybrid nanofluids are new nanotechnology fluids 
synthesized by decomposing two different nanoparticles 
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into conventional heat transfer fluids[13,14]. The 
purpose of incorporating hybrid nanoparticles in a base 
fluid is to improve the characteristics of the basic fluid 
heat transfer through a combination of thermo-physical 
properties of the nanomaterial[5]. Devendiran and 
Amirtham[15] state that synthetic hybrid nanoparticles 
provide improvements in the physical-chemical 
properties not obtained in nanofluids using single 
nanomaterials. 

Several studies that have been carried out on hybrid 
nanofluids are, Moh. Hemmat Esfe1, et.al [16] 
concerning the study of water-based nanostructural 
thermal conductivity of water with hybrid suspensions of 
CNT/Al2O3 nanoparticles, Suleiman Akilu, et al., [17] 
about experimental measurements of thermal 
conductivity and viscosity of hybrid nanofluid-based 
ethylene glycol with TiO2-CuO/C inclusions, Alireza 
Azadi Charab, et al.,[18] concerning the thermal 
conductivity of Al2O3-TiO2-water with model 
development and validation experimental and there are 
many more researches on his research. This study clearly 
shows that hybrid nanofluids produce a higher increase 
in heat transfer than a single nanofluid. 

To obtain a desired nanofluid hybrid liquid, a 
nanofluid hybrid process is not as simple as imagined. 
Some criteria must be met so that the resulting fluid can 
be used, among others, such as solid-liquid suspension 
stability, solid-liquid suspension resistance, no 
occurrence of suspended nanoparticles, no chemical 
changes in materials and others. Broadly speaking, the 
manufacture of nanofluidics is divided into 2 techniques, 
namely one-step technique, and a two-step technique. 
The one-step method combines the synthesis of 
nanoparticles and their distribution into the base fluid in 
one step [15]. The two-step method is commonly used in 
fluid-related research. In this method, the first 
nanoparticles are produced and then dispersed into basic 
liquids. Commercial nanoparticles or nanopowder that 
can be used can be bought easily on the market [19]. 

In this study, the manufacture of hybrid nanofluid 
using Al2O3 nanoparticles and TiO2 with the basic fluid 
is water. The technique used in this study is a two-step 
technique by synthesizing Al2O3 and TiO2 commercial 
nanoparticles into the base fluid using an ultrasound 
processor. Hybrid nanofluid that has been synthesized 
will be tested for the resulting conductivity values and 
agglomeration levels to determine the optimization of 
the use of the two-step synthesis method. 

2 Methodology  

2.1 Two-step method hybrid nanofluid synthesis 

Hybrid nanofluid is made by mixing Al2O3 and TiO2 
nanoparticles into a basic fluid in the form of distilled 
water. In these hybrid nanofluid several concentrations 
were examined, namely 0.1%, 0.3%, 0.5%, 0.7% with 
the composition of the fraction of the comparison 
volume between Al2O3-TiO2 was 25% Al2O3: 75% TiO2, 
50% Al2O3: 50% TiO2 and 75% Al2O3: 25 % TiO2. 
Nanoparticle volume measurements were carried out by 

means of nanoparticle mass multiplication with density, 
where Al2O3 nanoparticles had a density of 0.18 g/ml 
and TiO2 of 0.24 g/ml.  
 To obtain a desired nanofluid hybrid liquid, a 
nanofluid hybrid process is not as simple as imagined. 
Some criteria must be met so that the resulting fluid can 
be used, among others, such as solid-liquid suspension 
stability, solid-liquid suspension resistance, no 
occurrence of suspended nanoparticles, no chemical 
changes in materials and others. 
 In the two-step method, nanoparticles are produced 
separately and suspended in a fluid base fluid. In this 
method, hybrid nanopowder is first produced through 
chemical, physical or mechanical processes such as 
grinding, gel process or vapor phase method. Then the 
prepared hybrid nanopowder is then dispersed into the 
base liquid using high shear mixing using an ultrasonic 
processor. Making a nanofluid hybrid with a two-step 
method can be economically produced on a large scale. 
However, the main complexity is agglomeration that 
cannot be avoided based on cohesive strength and 
Vander Waal among independent nanoparticles. This 
agglomeration can be sufficiently suppressed by using 
surfactants or dispersants that are appropriate at critical 
micelle concentrations. Agglomeration can also be 
minimized by using appropriate dispersing devices such 
as ultrasonic baths, magnetic stirrers, high-pressure 
homogenizers and ultrasonic jammers. Hybrid nano 
liquids from different nanoparticles and basic fluids 
found prepared by one of the two methods above 
depending on their suitability [11,20,21]. 
 Based on this, this study uses a two-step method by 
synthesizing two nanoparticles, namely Al2O3 and TiO2 
into the fluid which is used is distilled water. The 
particles used are commercial nanoparticles from Nano 
Degussa with a size of 20 nm. Synthesized Hybrid 
Nanofluid using Ultrasonic Processor for 30 minutes. 
The sinteshys nanofluid hybrid scheme can be seen in 
Figure 1.  
 
 

 
 

Fig. 1. The process of making Al2O3-TiO2-water hybrid 
nanofluid. 
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2.2 Hybrid Nanofluid Testing  

2.2.1 Thermal Conductivity Testing  

KD2 Pro thermal properties analysis has been used to 
measure hybrid nanofluid thermal conductivity. This 
instrument is a commercial device, which is usually used 
to determine the thermal conformation of a liquid 
(nanofluid) in the range 0.02-2 W-LC-1 with a KS1 
sensor using a transient hot-wire method. The KS1 
sensor is made of stainless steel and has an accuracy of 
5% and a length of 60 mm and a diameter of 1.27 mm, 
which is placed in a nanofluid. The THW method 
measures the temperature/time response of the wire to a 
sudden electric pulse. Measuring the thermal 
conductivity of the prepared sample, the sensor is 
inserted into the sample vertically to minimize free 
convection. Any deviation from the vertical position will 
bring errors into the data reported [16,22]. 
 The measurement lasts for 90 seconds which 
consists of the initial process by heating and cooling the 
sensor 30 seconds each which then the sensor will 
calculate the heat balance between the heating and 
cooling processes.  
Measurements were made on the test tube with a fluid 
amount of ± 20 ml, where temperature conditioning 
measurements were carried out using Circulating 
Thermostatic Bath (CTB)[14]. 

2.2.2 Agglomeration observation   

Nanofluid agglomeration occurs due to clumping 
between particles due to van der Waals force and 
weakening of brown motion in a nanofluid. 
Agglomeration causes a decrease in the level of 
homogeneity in nanofluid so the particles will tend to 
settle at the bottom and cause nanofluid to appear clear 
at the top. Therefore, the observation of agglomeration 
can be done visually. 
 In this study also observed the agglomeration using 
UV-Vis by measuring the absorbance of nanofluid. 
Absorption of absorbance data is done because the 
ability to observe the sediment of each person is 
different, Al2O3 and TiO2 nanofluids are white and 
cloudy so they cannot clearly see the sediment formed. 
Taking absorbance data using UV-Vis Double Beam 
Shimadzu/UV-1800, UV Probe software is used to 
display the results of absorbance measurements. the 
wavelength used in the test is 200-680 nm. the 
absorbance data was taken three times, one day after 
synthesis, 8 days after synthesis and 15 days after 
synthesis.  

2.2.3 Wettability Testing 

Nanofluid wettability observed using HSCV (high-speed 
camera video) is carried out by doing a nanofluid 
penetration on a flat plane and high-resolution cameras 
will record the behavior of the fluid on a flat plane 
surface. In this test, the flat field used is the powder wick 
sintered surface and Figure 3a is a wettability testing 

scheme. The images obtained from HSVC then 
measured the contact angle using ImageJ software. The 
measurement method is done by measuring the angle 
between the tangent lines of the fluid droplets and the 
flat surface. The method of measurement can be seen in 
Figure 2b.  
 

 
 

Fig. 2. (a) Wettability testing scheme, (b) Measurement of 
nanofluid contact angles on a flat surface 

3 Result and Discussion 

3.1 Thermal Conductivity Test Results 

KD2 The graph of thermal conductivity of each ratio 
(75% Al2O3: 25% TiO2, 50% Al2O3: 50% TiO2, 25% 
Al2O3: 75% TiO2) shows an increase in the value of 
thermal conductivity produced as the size of the 
nanofluid hybrid volume fraction increases. in high or 
low concentrations. In addition, it can also be seen in the 
graph that the value of thermal conductivity produced by 
hybrid nanofluid is greater than the value of the thermal 
conductivity of the basic fluid, namely water. So that it 
can be seen that the manufacture of nanofluid hybrids 
using Al2O3 and TiO2 nanoparticles can produce an 
increase in thermal conductivity better than the base 
fluid. 
 It can also be seen that the ratio that produces the 
greatest thermal conductivity value is at a ratio of 75% 
Al2O3: 25% TiO2. This is reasonable because the thermal 
conductivity of Al2O3 nanoparticles is indeed higher than 
that of TiO2 thermal conductivity. So that the 
composition of the percentage of Al2O3 will produce a 
greater thermal conductivity value as well. This result is 
also supported by research conducted by Septiadi et 
al.,[14]  in his research related to the characterization of 
H2O base fluid based thermal conductivity using three 
nanoparticles namely CuO, Al2O3 and TiO2. The results 
of the research showed that the thermal conductivity 
value of Al2O3-Water nanofluid was greater than the 
value of thermal conductivity produced by a TiO2-water 
nanofluid. 
 Based on this graph, it can also be seen that the point 
that has the highest increase in thermal conductivity is in 
the volume fraction of 0.7% with an increase in water 
percentage of 32.50%. Then the calculation of the 
composition of the nanoparticles was carried out to find 
out the volume fraction which resulted in a significant 
increase in the mass of nanoparticles used. It aims to 
produce a more efficient nanofluid hybrid which 
enhances the best thermal conductivity with the use of 
appropriate nanoparticles and can produce hybrid 
nanofluid thermal conductivity which significantly 
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increases the addition of nanoparticles used. The 
following are the results of the calculation of the use of 
nanoparticle composition at a volume fraction of 0.7. 
 Referring to the table above it can be seen that the 
volume fraction of 0.7% with an increase in composition 
6 times can increase thermal conductivity by 20% and 
32.5%. Therefore, it can be obtained that the optimal 
conductivity value of this test is at a ratio of 75%: 25% 
with a volume fraction of 0.7%. It is seen that the 
increase in thermal conductivity is significant and with 
the minimum use of nanoparticles.  
 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0.5

0.6

0.7

0.8

0.9

 

T
h
e

rm
a
l 
co

n
d
u
c
ti
vi

ty
 [

W
/m

o
C

]

Volume fraction [%]

Working fluid:
 hybrid nanofluid (75%:25%)
 hybrid nanofluid (50%:50%)
 hybrid nanofluid (25%:75%)
 water

 

Fig. 3. (a) A comparative graph of three nanoparticle ratios 

3.2 Visually Observing Nanofluid Agglomeration  

In this study, single nanofluid agglomeration and hybrid 
nanofluid were observed visually while the 
agglomeration observation by measuring the absorbance 
using UV-Vis was only done on hybrid nanofluid alone. 
This is because single nanofluid is only used as 
comparative data to determine the ability of hybrid 
nanofluids in inhibiting agglomeration. The single 
hybrid nanofluid and nanofluid that have been 
synthesized are stored and observed agglomeration 
visually by looking at the sediment that occurs in the 
nanofluid, the time it takes for the nanoparticles to settle 
as a whole so that the nanofluid becomes clear can be 
seen in Figure 4.a. 
 Based on the picture above, it can be seen that the 
higher the volume fraction of the nanoparticles in the 
nanofluid, the longer the agglomeration. Al2O3 single 
nanofluid at 0.7% volume fraction is agglomerated for 
25 days and the fastest agglomerated is nanofluids TiO2 
at 0.1% volume fraction for 4 days of storage. In the 
same volume fraction, Al2O3 nanofluid is agglomerated 
longer than TiO2 nanofluid and hybrid nanofluid 
containing more Al2O3 particles also agglomerated 
longer. This shows that the stability of Al2O3 particles is 
better than TiO2 particles. Based on visual observations 
of single nanofluid homogeneity and hybrid nanofluidics 
decreases with increasing storage time, this is caused by 
the brown motion effect on the weakened nanoparticles 
due to clumping between nanoparticles because the 

clumping of nanoparticles will be sedimentation in the 
lower portion and the nanofluid becomes clear. Changes 
in nanofluid homogeneity are shown in Figure 4.b 
 

 
(a) 

 

 
(b) 

Fig. 4. (a) Single nanofluid agglomeration time graph and 
nanofluid hybrid with variations in volume fraction and 
composition of Al2O3:TiO2 nanoparticles in hybrid nanofluid, 
(b) Change of Al2O3 nanofluid homogeneity in volume fraction 
of 0.7% 

3.3 Agglomeration Observation Using UV-Vis 

This study also observed agglomeration using UV-Vis 
by measuring the absorbance of hybrid nanofluids. 
Because most of the absorbance peaks of hybrid 
nanofluid test results are 4, where the maximum limit of 
measurement from UV-Vis Double Beam 
Shimadzu/UV-1800 is 4 it allows overscale in its 
measurement so that if the absorbance value is more than 
4 then UV-Vis will display at the maximum limit. 
Therefore, to compare the absorbance of each hybrid 
nanofluid is done by calculating the average absorbance 
of the combustion length of 200-680 nm. Figure 5 is one 
of the absorbance measurements and table 3 is the 
average data of absorbance measurements. 
 From table 4, it can be seen that the absorbance of 
all hybrid nanofluids decreases with increasing storage 
time, this indicates a decreased nanofluid hybrid 
homogenus. And with increasing nanofluid hybrid 
absorbance volume fraction increases. 
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Fig. 5. Low concentration hybrid nanofluid absorbance 8 days 
after synthesis 
 
 Based on the results of absorbance measurements, in 
the same volume fraction, most of the nanofluid hybrids 
containing 75% of Al2O3 particles have a higher 
absorbance value. This shows that nanofluid containing 

more Al2O3 particles has better stability. The visual 
agglomeration observation also showed that the same 
nanofluid hybrid volume fraction containing more Al2O3 
particles had better stability and there was a single 
nanofluid, TiO2 nanofluid was agglomerated faster than 
Al2O3 nanofluid. 
 Nanofluid hybrid agglomeration which contains 
more Al2O3 particles is slower because the browning 
effect lasts longer in particles and Al2O3 has a smaller 
density than TiO2. The slower agglomeration time occurs 
in the higher volume fraction because in the higher 
fraction there is a greater frictional force between the 
nanoparticles so that the nanoparticles will float in the 
basic fluid which causes the formation of sediment for a 
long time. This is in accordance with what is stated 
Geankoplis, [23] that the smaller the density will cause 
the buoyant force to increase and the greater the 
concentration of the frictional force experienced by the 
larger particles. 

 
Table 1. Hybrid nanofluid absorbance averages at wavelengths of 200-680 nm 

Volume 
fraction 

(%) 

25% Al2O3:75% TiO2 50% Al2O3:50% TiO2 75% Al2O3:25% TiO2 
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0,5 3,729 3,565 0,382 3,662 3,623 0,383 3,507 3,471 0,539 

0,7 3,798 3,803 0,660 3,567 3,535 1,665 3,698 3,533 1,821 

    
 

Nanofluid From table 1, it can be seen that the 
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increasing storage time, this indicates a decreased 
nanofluid hybrid homogenus. And with increasing 
nanofluid hybrid absorbance volume fraction increases. 
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the same volume fraction, most of the nanofluid hybrids 
containing 75% of Al2O3 particles have a higher 
absorbance value. This shows that nanofluid containing 
more Al2O3 particles has better stability. The visual 
agglomeration observation also showed that the same 
nanofluid hybrid volume fraction containing more Al2O3 
particles had better stability and there was a single 
nanofluid, TiO2 nanofluid was agglomerated faster than 
Al2O3 nanofluid. 

Nanofluid hybrid agglomeration which contains more 
Al2O3 particles is slower because the browning effect 
lasts longer in particles and Al2O3 has a smaller density 
than TiO2. The slower agglomeration time occurs in the 
higher volume fraction because in the higher fraction 
there is a greater frictional force between the 
nanoparticles so that the nanoparticles will float in the 
basic fluid which causes the formation of sediment for a 
long time. This is in accordance with what is stated 
Geankoplis, [23] that the smaller the density will cause 
the buoyant force to increase and the greater the 
concentration of the frictional force experienced by the 
larger particles. 

 

3.4 Wettability Hybrid Nanofluid 

Figure 6 is the results of contact angle measurements of 
hybrid nanofluids and in this study also measured the 
contact angle of distilled water used as a base fluid and 
obtained the contact angle value of 107.4˚. Based on 
Figure 6, it can be seen that the higher the volume 
fraction of the nanoparticles in the hybrid nanofluid, the 
smaller the contact angle, this indicates that an increase 
in volume fraction provides good wettability. All 
nanofluid hybrids have a smaller contact angle than the 
contact angle of the distilled water, indicating that the 
addition of nanoparticles to the base fluid can increase 
wettability. At a volume fraction of 0.1% and 0.3%, 
hybrid nanofluid is hydrophobic (contact angle of more 
than 90°). The hybrid nanofluid volume fraction of 0.7% 
with a composition of 75% Al2O3: 25% TiO2 has the 
smallest contact angle of 73.10˚. In the same volume 
fraction, a nanofluid hybrid containing more Al2O3 
particles has a smaller contact angle. 
 The results of this study are in accordance with 
research conducted by Chinnam, et.al[24], they 
examined the contact angle of nanofluid Al2O3, SiO2, 
and ZnO with variations in volume fraction and using 
different nanoparticle sizes. Increasing the volume 
fraction causes the contact angle between the nanofluid 
and the glass surface to decrease, as well as the Al2O3 
and SiO2 nanofluid with larger particle sizes having 
smaller contact angles in the same volume fraction. 
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Similar results were also obtained in the study Chaudhuri 
et.al, [25] where the contact angle between TiO2 

nanofluidic and PTFE (Teflon) surfaces decreased with 
an increase in volume fraction. 

 

 
Fig. 6. Angular contact with the wick (a) Aquades powder sintered surface, (b) volume nanofluid fraction volume 0.1% 25% Al2O3: 
75% TiO2, (c) hybrid nanofluid fraction volume 0.7% 75% Al2O3: 25 % TiO2. 

 
The contact angle depends on three parameters, 

namely surface tension, adhesion stress and surface 
roughness factor Kim et al., [26]. Bhuiyan et al., [27] 
states that nanofluid surface tension increases with 
increasing nanoparticle concentration. Tanvir & Qiao, 
[28] also states that nanofluid surface tension increases 
linearly with increasing particle concentration and size. 
If the surface tension increases, the contact area between 
the nanofluid and the surface gets larger and the contact 
angle between the nanofluid is smaller. 

The contact angle is affected by the forces that 
occur in the nanofluid with the surface, including the 
attraction between the particles, the tensile force between 
the particles and the solid molecules on the surface. The 
average size of the nanoparticles is 20 nm when 
compared to the much higher water molecules, with a 
larger size and mass that will cause a downward force 
when the nanofluid touches the surface. Thus the contact 
angle will decrease and the wetted area gets bigger. The 
more nanoparticles in the nanofluid, the stronger the 
effect occurs. When the volume fraction increases, more 
particles are found in the nanofluid, reducing the contact 
angle of the surface. Smaller contact angles in 
nanofluidic hybrids containing more Al2O3 particles 
occur due to the attractive tensile force of Al2O3 particles 
with a larger surface than TiO2 particles. 

4 Conclusion 

From the research, it was found that the characters of 
Al2O3-TiO2–water hybrid nanofluid thermal conductivity 
has a greater value than the conductivity of the water 
base fluid. The ratio that produces the highest thermal 
conductivity value is at a ratio of 75% Al2O3: 25% TiO2 
at a volume fraction of 0.7% which is 32.50%. The best 
composition of nanoparticles in increasing hybrid 
nanofluid thermal conductivity which is significant at 
0.7% volume fraction with an increase in composition 6 
times can increase thermal conductivity by 20% and 
32.5% to water. This proves that there is a significant 
increase in water (destilated water) at a low volume 
fraction of 0.7%. Visually, the higher the volume 
fraction of the nanoparticles in the agglomeration 
nanofluid, the longer. Hybrid nanofluid absorbance 
decreases with increasing storage time. Nanofluid hybrid 
wettability is better with increasing volume fraction, 
hybrid nanofluid with a volume fraction of 0.1% and 
0.3% is hydrophobic while the others are hydrophilic. 

Hybrid nanofluid is agglomerated longer than TiO2 
nanofluid but faster than Al2O3 nanofluid, higher TiO2 
nanoparticle density causes faster agglomeration in TiO2 
nanofluid and hybrid nanofluid containing 75% TiO2 
nanoparticles. In the same hybrid volume fraction of 
nanofluid with a composition of 75% Al2O3: 25% TiO2 
undergoes longer agglomeration and the absorbance is 
higher. In the same volume fraction, hybrid nanofluid 
with Al2O3 nanoparticles has better wettability than 
nanofluid hybrids which contain more TiO2 
nanoparticles. 
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