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ABSTRACT

This study examines the effect of concentration on thermal diffusivity in nano-liquid formulations using
the thermal lens method. Standard liquids and nano-liquid samples with varied concentrations were
prepared and analyzed. Results showing an average trend of thermal diffusivity by using standard liquids,
such as distilled water, ethylene glycol and glycerol and graphene oxide (GO). Thermal lens method with
different optical sensors such as PVDF and photodiode also studied to examine the effect of sensor in
thermal diffusivity measurement. Results indicate an increase in thermal diffusivity with rising GO
concentration up to a threshold, beyond which further increments yield diminishing returns. This
behavior is attributed to the unique thermal transport mechanisms enabled by GO nanosheets. These
findings offer insights for optimizing GO-based nano-liquids for thermal management applications.
Moreover, the study underscores the efficacy of the thermal lens method for probing thermal properties
in nanofluid systems.
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INTRODUCTION

Thermal lens spectrometry (TLS) is first explained by M. According to ™, thermal lens
spectrometry (TLS) is one of the precise photothermal methods, which is based on the
temperature slope due to retention of optical radiation and non-radiative relaxation of the
excited atoms. It is proven in the paper published by Shahriari et.al (2016) that the mode-
mismatched thermal lens method provides larger signal-to-noise output. Thermal lens (TL)
method is one of the effects of photothermal. Thermal lens method is a method that is using a
laser with a Gaussian intensity profile as an excitation laser beam that induces the beam
temperature in a laser Bl. According to Shahriari et. al (2016)"!, the heat produced is the
strongest at the center as the concentration of the beam is the highest at the center. This
temperature gradient by the heat produces a refractive index gradient which behaves like a
converging or diverging lens depending on the change rate of refractive index with respect to
temperature, dn=dT, is positive or negative ™} Bl The thermal lens method is very sensitive
which makes it suitable for measuring thermal diffusivity of nanofluid . The thermal lens
method can be used to measure low optical absorption coefficients of transparent samples either
in gasses or fluids 51,
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The dual-beam mode-mismatched thermal lens (DBMMTL) method is a powerful tool for
characterizing the thermal and optical properties of materials. The DBMMTL method has been
widely used for investigating the thermal diffusivity and optical properties of various materials,
including liquids, polymers, and thin films. Advances in laser technology, such as the use of
ultrafast lasers, have improved the temporal resolution of the thermal lens technique, allowing
for more precise measurements of rapid thermal dynamics . One of the notable areas of
application for the DBMMTL method is in the study of nanostructured materials. The
DBMMTL method's ability to probe small volumes with high sensitivity has proven
particularly valuable in these studies, leading to new insights into the thermal behavior of
nanoscale systems 1,

The PVDF materials is that they have relatively low charge sensitivity and voltage sensitivity,
which is caused by piezoelectric coefficients . Pyroelectricity is the ability of materials to
generate a temporary voltage when they are heated or cooled . The temperature change
modifies the positions of the atoms slightly within the crystal structure so that the polarization
of the material changes. This polarization change gives rise to a voltage across the crystal.
According to Hammes (1992), the pyroelectric (PE) property of PVDF film makes it able to
identify the temperature changes but not the steady temperature. The sensor senses the output
signal in the form of voltage which it is further used as to identify defects like cracks, impact
damages, and delamination.

Photodiode sensors are widely utilized in diverse applications, including optical
communication, medical diagnostics, and environmental monitoring. A critical development
which is the enhancement of photodiode materials to increase efficiency and broaden spectral
sensitivity. For instance, researchers have explored the use of perovskite materials, which offer
superior light absorption properties and faster response times compared to traditional silicon-
based photodiodes 1. Another significant trend is the integration of photodiodes into wearable
and flexible electronics. Advances in organic photodiode technology have enabled the
development of lightweight, flexible sensors that can be integrated into textiles or worn directly
on the skin. This has opened new possibilities for continuous health monitoring and wearable
optical devices.

British Chemist, B. C. Brodie (1859) discovered a highly oxidized form of natural graphite,
named “graphon” which is currently known as “graphite oxide” or “graphene oxide”. However,
it has been re-emerged as a material of interest after the groundbreaking discovery of graphene
and its diverse methods of synthesis [*3. Graphite oxide can be considered as a highly oxidized
form of graphite with a higher inter-layer spacing due to the presence of a large number of
oxygen functionalities 2. The GO is a non-stoichiometric macro-molecule having controlled
physical and chemical properties depending on the synthetic variables such as graphite
precursor, type of the oxidant and the dose, stirring or sonication strength, oxidation
temperature and duration. The most acceptable structural model proposed for GO is Lerf-
Klinowski model in which, basal planes of GO are decorated by hydroxyl and epoxide groups,
whereas the edges are mainly occupied by carboxyl and carbonyl groups in a random manner
resulting in mixed sp?-sp® carbon containing sheets %1,

The oxidized form of graphene named “Graphene oxide” (GO) is produced by the oxidation of
bulk graphite powders via chemical oxidation processes. Graphene oxide have a mixed
structure bearing a variety of oxygen-containing various functional groups like epoxy (> O),
hydroxyl (eOH), carbonyl (C=0) and carboxylic (¢COOH) groups’.
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In this study, the experiment begins with distilled water, follow by Ethylene glycol (TianJin
DaMao Reagent Factory, purity 99.9%) and lastly glycerol (TianJin Deng Ke Chemical Factory,
purity 99.9%). Each of the samples withdraw 1ml using dropper and measuring cylinder.
Whereas, fort the powdered Graphene Oxide, it is diluted with distilled water to different
concentrations of the nano-liquid with a ratio of 1g to 100ml of distilled water. In this study,
the nano-liquids used were 0.5g/ml, 1.0g/ml, 1.5g/ml, 2.0g/ml and 2.5g/ml 4],

Experimental Procedure

The GO nano-liquids prepared by measuring the ratio of GO powder to distilled water in fixed
ratio of 1g to 100ml. The solutions prepared are in varied concentrations 0.5g/ml, 1.0g/ml,
1.5g/ml, 2.0g/ml and 2.5g/ml. The prepared solutions are then stirred using magnetic stirrer for
60 minutes, and the solution is maintained at 25°C before placing the solution for thermal

diffusivity testing by using PPE setup and dual-beam mode-mismatched thermal lens method
[14]

Prior to the study, the beam profiling of thermal lens was performed to optimize the laser source
for probe beam and excitation beam as well as to achieve the maximum outpower by PPE and
dual-beam mode-mismatched thermal lens method. This comparison is crucial to validate the
both setups in determining the thermal diffusivity values of standard liquids and GO nano-
liquid with different concentration.

In this study, the higher power laser of the blue laser (A=473nm) was used as excitation laser
whereas the slightly lower power laser of the green laser (A=543nm) was as the probe beam
laser. The output signal of the system was detected by PVDF sensor and photodiode sensor.
The output signal detected will then transferred to the lock-in amplifier to be lock-in before
analysis is done. The default settings of the lock-in amplifier were set as 100 ms sensitivity,
and 300 ms time constant. The reason to set the setting of lock-in amplifier to 100ms sensitivity
is because there is no any pre-amplifier connected to the setup. So, in order to obtain maximum
output signal, the sensitivity has to be set at lower sensitivity values although the graphs will
be more fluctuated. The optical arrangement of the thermal lens setup is as was shown in the
Figure 1 and Figure 2. The experiment to determine the thermal diffusivity of the nano-liquids
is repeated 3 times and an average value of the thermal diffusivity is obtained. The
experimentally obtained data is then compared to theoretical thermal diffusivity values.
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Figure 1 Schematic diagram of the PPE setup.
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Figure 2 Schematic diagram of the dual-beam mode-mismatched thermal lens method setup

RESULTS AND DISCUSSION

Beam Profiling

Before starting the thermal diffusivity measurement, the beam profile is optimized to achieve
the smallest beam size. This optimization uses two laser sources: a green laser (MGL- 111-532,
150mW, 543nm) and a blue laser (MBL-I11-473, 100mW, 473nm). The laser beam is evaluated
at a constant frequency of 5Hz, with the x-axis and y-axis controlled by a motorized stage. The
stage moves from 0 mm to 5 mm along the x-axis in 0.01 mm increments, and then along the
y-axis. A PVDF sensor detects the output signal, which is then sent to a lock-in amplifier
(SR530). The time constant is set at 3 seconds, and the lock-in amplifier sensitivity is fixed at
500 mV. The data is then transferred to a PC for further analysis. A Gaussian graph of the beam

profile along the x-axis and y-axis is plotted as shown in Figure 3, Figure 4, Figure 5 and Figure
6.
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Figure 3 Intensity (mV) against position (mm) for green laser using PPE setup.
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Figure 4 Intensity (mV) against position (mm) for blue laser using PPE setup.
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Figure 5 Intensity (mV) against Position (mm) for green laser using dual-beam mode-mismatched thermal lens
method.
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Figure 6 Intensity (mV) against Position (mm) for blue laser using dual-beam mode- mismatched thermal lens
method.

Table 1 Experimental data for beam profiling of lasers using PPE setup.

Full width half max . )
Sample (FWHM)/mm Spot size/mm Spot radius/mm
Green laser 1.33 1.64 0.62
Blue laser 1.23 1.81 0.69

Table 2 Experimental data for beam profiling of lasers using dual-beam mode-mismatched thermal lens method.

Full width half max . .

Sample (FWHM)/mm Spot size/mm Spot radius/mm
Green laser 1.33 1.65 0.63
Blue laser 1.23 1.82 0.70

From the experimental results of the optimization of laser beam using PPE and dual- beam
mode-mismatched thermal lens method, it is clearly seen that spot radius of the blue laser dan
green laser are slightly bigger than spot radius using PPE setup. The deviation of the green
laser using dual-beam mode-mismatched thermal lens method is 1.61% if compared to that of
using PPE setup, whereas the deviation of blue laser using dual-beam mode- mismatched
thermal lens method is 1.44% if compared to that of using PPE setup.

The deviation of the both lasers are less than 2%. Generally, the reflection of the laser beam
will not cause any changes in spot radius. But experimentally, the deviations happened maybe

due to the imperfection of the surface of the glass as the glass used in the experiment is normal
glass, and it is not a standard refractive glass.
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Determination of thermal diffusivity of standard liquid and with different concentrations
using PPE setup with PVDF sensor
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Figure 7 Graphs of In V (mV) against Sqrt F (Hz) using PPE setup for blue laser on distilled water, ethylene
glycol and glycerol.
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Figure 8 Graphs of In V (mV) against Sqrt F (Hz) using PPE setup for green laser on distilled water, ethylene
glycol and glycerol.

Table 3 Thermal diffusivity values of standard liquids using PPE setup for blue laser.

Sample Experimental thermal diffusivity/x10'7m25‘1 Theoretical thermal
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Blue laser diffusivity/lx10‘7m25'
D\;\Slg'ztleid 5 :;h |ny§8| GI(B; g%rol Average Dr?\g;)t)io
(ref) (ref)
Distilled - 1.33+0. 1.35+0.0  1.34+0. 6.29 1.43
Water 0426 345 023
Ethylene  1.24+0. - 1.35+0.0 1.30+0. 7.14 1.40
Glycol 0346 367 033
Glycerol  0.14+0.  0.110. - 0.13%0. 8.33 0.12
0347 0354 0353

Table 4 Thermal diffusivity values of standard liquids using PPE setup for green laser.

Experimental thermal diffusivity/x10'7m23'1

Theoretical thermal

Green laser
Sample ~iciled  Ethylene — diffusivity/x10~/m2s-1
Glycerol Deviation
Water Glycol (ref) Average (%)
(ref) (ref)
Distilled - 1.13+0. 1.39+0. 1.26+0. 11.89 1.43
Water 0456 0425 0342
Ethylene 1.21+0. - 1.25+0. 1.23+0. 12.14 1.40
Glycol 0443 0435 0234
Glycerol  0.15+0.  0.13+0. - 0.14+0. 16.67 0.12
0435 0432 0322

The results have proven that blue laser is more suitable to use in thermal diffusivity values
finding which is similar to the result of the power laser as shown in Table 3 and Table 4.
However, there are very less literature showing that the effect of the volume of the liquids to
the change in thermal diffusivity. In order to further verify the justification that volume increase
will not have major changes on thermal diffusivity, a comparison using same standard liquids
with different volume is done.
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Table 5 Comparison of thermal diffusivity values using same standard liquids with different volumes by using blue laser

Experimental thermal Theoretical
diffusivity/x10'm?s! thermal
Blue laser diffusivity
Ix10°
Distilled Water (ref) Ethylene Glycol (ref) Glycerol (ref) "m2s
Sample -1
De De De
via via via
05 10 15 20 25 %V tio A tio A tio
m ml ml ml mi 3 n 05 1.0 15 20 25 3 n 05 10 15 20 25 3 n
9 @ m m m m m¥ @ m om om om om % @
e e e
) ) )
. 1.36 1.33 1.40 1.44 1.42 1.32 1.35 1.36 1.33 1.32
Deiled .. 10000000000 4 %7 300 %00 00 00 00 3 % 143
423 426 421 452 431 322 345 321 311 351
1.21 1.24 1.26 1.23 1.22 1.34 1.35 1.38 1.36 1.33
FIVINe 100500 0.0 00 £0.0 o T - - - - - - - 0000 %00 00 0.0 & >’ 140
y 322 346 345 312 314 362 367 362 321 352
0.12 0.14 0.16 0.13 0.16 0.12 0.11 0.14 0.12 0.13 0. 00
Glycerol +0.0 £0.0 +0.0 £0.0 £0.0 0. 16. #0.0 0.0 £0.0 £0.0 0.0 12' 0 - - - - - - - 0.12

323 347 354 341 342 14 67 362 357 352 342 322

Copyright © 2025 Universitas Sebelas Maret



Influence of concentration . . . page 303

Table 6 Comparison of thermal diffusivity values using same standard liquids with different volumes by using green laser.

Experimental thermal

diffusivity/x10-"m2s-1 Theoretical
thermal
Green laser diffusivity/
x10-
Sample Distilled Water (ref) Ethylene Glycol (ref) Glycerol (ref) ’m2s-1
De
De De
05 10 15 20 25 2V i 05 10 15 20 25 2V i 05 10 15 20 25 AV viat
m m m ml ml ion m m ml ml ml ion m ml ml ml ml @ jon
ge ge ge (o
(%) (%) (%)
. 112 1.13 1.35 1.34 135 1.37 1.39 1.38 1.36 1.35
D\'Aslggid . - . .o .. 00 +0.0 0.0 +0.0 0. 162 1819 £0.0 +0.0 0.0 +0.0 +0.0 1i3 85'93 1.43
432 456 453 462 451 422 425 412 432 442
120 121 1.24 126 1.23 125 1.25 1.26 1.28 1.24
Ethyl . .
e £0.0 0.0 0.0 0.0 0.0 152 - .- ... - 00 00 0.0 0.0 +00 162 18 1.40
y 421 443 452 432 452 423 435 453 432 443
0.12 0.15 0.14 0.15 0.12 0.15 0.13 0.15 0.14 0.15
Glycerol +0.0 0.0 0.0 #0.0 0.0 0.1 16. +0.0 +0.0 +0.0 +0.0 0.0 041 1667 S 0.12
423 435 453 423 441 4 67 442 432 312 421 413
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Figure 9 In V against different volumes of standard liquid using blue laser.
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Figure 10 In V against different volumes of standard liquid using green laser.

Blue laser showing almost similar trend over all the standard liquids with different volumes. It
is further verified when the percentage of errors using blue laser is smaller than that of using
green laser. Green laser, in the other hand, shows a fluctuating trend over all the standard
liquids as the percentage of error is bigger if compared to blue laser of the same liquids. For
example, the thermal diffusivity value of glycerol with ethylene glycol as reference, it is clearly
seen that blue laser has most accurate reading which is 0.00% if compared to theoretical value
whereas green laser has a deviation of 16.67% if compared to theoretical value.

Figure 9 and Figure 10, as example, ethylene glycol, they show the same trend that In V
increases when volume increases, but slightly decrease in the end of the graph. Generally, when
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comparing across the Figure 9 and Figure 10, most of the In V reading shows a decrease in the
end of the graph, or when the volume is more than 1.5cm? and above.

This is because thermal conductivity generally decreases as the volume of a liquid increases
due to the increased likelihood of molecular collisions and interactions within the larger volume.
In a smaller volume, molecules are more densely packed, allowing for more frequent collisions
and efficient transfer of thermal energy. When the volume increases, molecules have to travel
greater distances on average before encountering another molecule. This results in a decrease
in the frequency of collisions and, consequently, a reduction in thermal conductivity.
Additionally, larger volumes may also exhibit greater molecular disorder or irregularities in
molecular structure, further hindering the efficient transfer of thermal energy.

From Figure 9 and Figure 10, In V increases at first when volume increases, and then drop
when the volume increases gradually. This is due to the temperature gradient. When there is a
temperature difference across a material, heat flows from regions of higher temperature to
regions of lower temperature. This flow of heat creates a temperature gradient within the
material. The rate at which heat flows through the material per unit area per unit temperature
gradient is described by thermal conductivity. In most materials, thermal conductivity increases
with increasing temperature, up to a certain point. This is due to various factors, such as
increased molecular motion and collisions at higher temperatures, leading to more efficient
transfer of thermal energy.

In simpler way to conclude, it is because when the volume increases, the laser power is not
enough to let the heat to penetrate through the sample in a short interval time, resulting there
is a temperature difference happening in the liquid of upper part and lower part, which is called
temperature gradient.

Determination of thermal diffusivity of standard liquid and with different concentrations
using PPE setup with photodiode sensor

The sample used in this study is in liquid form. PVDF sensor is not suitable to be used in dual-
beam mode-mismatched due to its limitation of opaque property which not allows the laser
beam to pass through. So, in order to overcome the problem, another sensor should be chosen.
Photodiode sensor is the best sensor to be considered due to its cost and properties such as
thermal stability as it can operate at high temperature until 150°C. This is important as the laser
will generate heat when it hits on the surface of the sensor.

Photodiode sensor and PVDF sensor both can generate electrical signals as output, this is why

PPE experiment is repeated so that to prove that photodiode sensor is suitable to use in the
dual-beam mode-mismatched thermal lens method setup.
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Figure 11 Graphs of In V (mV) against Sqrt F (Hz) using PPE setup for blue laser on distilled water, ethylene

glycol and glycerol using photodiode sensor.
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Figure 12 Graphs of In V (mV) against Sqrt F (Hz) using PPE setup for green laser on distilled water, ethylene

glycol and glycerol using photodiode sensor.

Table 7 Thermal diffusivity values of standard liquids using PPE setup with photodiode sensor.

Experimental thermal diffusivity/x10'7m25'1 Theoretical
Samle Blue laser thermal
P . . diffusivity/x10~
Distilled Ethylene Glycerol Averag  Deviation 7 2 1
Water (ref)  Glycol (ref) (ref) e (%) m=s
Distilled
Water - 1.37+0.0421  1.33+0.0345 1.35 5.59 1.43
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Ethylene

1.34+0.0376 - 1.32+0.0387 1.33 5.00 1.40
Glycol
Glycerol  0.14+0.0355 0.12+0.0332 - 0.13 8.33 0.12
Table 8 Thermal diffusivity values of standard liquids using PPE setup with photodiode sensor.
i L 1civi -Tm2e-1
Experimental thermal diffusivity/x10™/m#4s Theoretical
Green laser thermal
Sample diffusivity/x10-
Distilled Ethylene Glycerol Average Deviation ' U?V';y )ilo
Water (ref)  Glycol (ref) (ref) g (%) mes”
Distilled : 133:00455 13720043 op 5.59 1.43
Water 4
Ethylen  1.24+0.04 1.23+£0.043
e Glycol 93 - 9 1.24 11.42 1.40
Glycerol 0'14;50'04 0.13+0.0411 - 0.14 16.67 0.12

From Table 7 and Table 8, blue laser has better experimental thermal diffusivity values as the
overall deviations are much lesser than that of green laser as shown. The results have proven
that blue laser is more suitable to use in thermal diffusivity values. This is similar to the findings
show at Table 3 and Table 4.

In conclusion, blue laser is chosen as excitation laser due to its higher power and more stable
output signal, and green laser as probe laser in the dual-beam mode-mismatched thermal lens
method setup.

The PPE setup using photodiode sensor also used to study the thermal diffusivity values of
different volumes so as to show that the similar output as using PVDF sensor.
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Table 9 Comparison of thermal diffusivity values using same standard liquids with different volumes by using blue laser.

Experimental thermal

Theoretical
diffusivity/x10'm?s* thermal
Blue laser diffusivity
Ix10
Distilled Water (ref) Ethylene Glycol (ref) Glycerol (ref) m2s
Sample -1
De De De
05 1.0 15 20 25 AV V& 4o 149 15 20 25 AV V& 45 14 15 20 25 AV Vv
mk ml ml ml ml er tion m ml ml ml mi er  tion m ml ml ml mil er tion
age (% age (% age (%
) ) )
. 137 1.37 1.42 1.40 1.37 135 1.33 1.42 1.39 1.37
Dv'jg't';fd . . ..~ . 100 400 0.0 0.0 £0.0 315 2(')8 £0.0 £0.0 +0.0 £0.0 0.0 317' 462 1.43
423 421 421 452 431 322 345 321 311 351
1.30 1.34 1.31 1.33 1.29 1.34 1.32 1.38 1.32 1.33
Ect:}zfonle +0.0 +0.0 0.0 +0.0 +0.0 311' 6é4 . - - - - . - 400 0.0 0.0 +0.0 +0.0 ;4 492 1.40
322 346 345 312 314 362 367 362 321 352
0.12 0.14 0.16 0.13 0.11 011 0.12 016 0.14 012 4.,
Glycerol +0.0 £0.0 0.0 +0.0 :00 0. 83 0.0 $0.0 00 0.0 0.0 5 5 - - - - - - - 0.12
323 347 354 341 342 13 3 362 357 352 342 322
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Table 10 Comparison of thermal diffusivity values using same standard liquids with different volumes by using green laser.

Experimental thermal

Theoretical
diffusivity/x10'm?s? thermal
Green laser diffusivity
Ix10°
Distilled Water (ref) Ethylene Glycol (ref) Glycerol (ref) m2s
Sample -1
De De
Av  via Av  via _D_e
05 10 15 20 25 . 05 10 15 20 25 X 05 1.0 15 20 25Aver viatio
er tion er tion
m ml ml ml ml ml ml ml ml ml ml ml ml ml mlage n(%
age (% age (% )
) )
- 1.30 1.33 1.35 1.32 1.32 134 137 1.38 1.35 1.34
Dedled . 300400000000 L ' 00 $00 00 00 00 Y 143
432 456 453 462 451 422 425 412 432 442
1.22 1.24 1.26 1.23 1.23 120 1.23 1.32 1.28 1.29
Eg:y'ceonle £00 00 00 200 300 - S . 00300 00 00 00 18' 140
y 421 443 452 432 452 423 435 453 432 443 '
012 014 014 013 012 g 76 011 013015014013 (o 75
Glycerol  +0.0 £0.0 +0.0 0.0 0.0 13 g 0.0 0.0 0.0 200 00 43 ¢ =~ -~ ~ = = - - 0.12

423 435 453 423 441 442 432 312 421 413
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Figure 13 In V against different volumes of standard liquid using blue laser.
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Figure 14 In V against different volumes of standard liquid using green laser.

From Table 9 and Table 10, when the sensor changed from PVDF to photodiode sensor, it
shows the similar trend where blue laser shows the better thermal diffusivity values. It is further
verified when comparison across blue and green lasers when volume increases, there will be
showing a decrease trend in the end of the graphs which is similar to that of using PVDF sensor.
Hence, with these results, photodiode sensor is chosen to be the sensor in the dual- beam mode-
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mismatched thermal lens method. This is because the results obtained by using photodiode
sensor is almost the same as by using the PVDF sensor.

However, in order to maintain the consistent results, the optical distance travelled by the laser
beam, especially the excitation beam must be as same as the distance in PPE setup. This is
because when the optical distance changes, the transmission of the light also changes, in which
will affect the heat of the light that the heat energy of the light source will be lost to
surroundings.

Determination of thermal diffusivity of standard liquids and with different
concentrations using dual-beam mode-mismatched thermal lens method with photodiode
sensor

The purpose of repeating the experiment using dual-beam mode-mismatched thermal lens
method is to verify the validity of the dual-beam mode-mismatched thermal lens method setup
as PPE setup using photodiode sensor as a reference setup. This is a precaution step as to further
ensure the data obtained and analyzed will be valid and consistent to the theoretical values.

Table 11 Thermal diffusivity values of standard liquids using dual-beam mode-mismatched thermal lens method

Experimental thermal diffusivity/x10'7m25'1 Theoretical
Sample Distilled  Ethylene Gl . ) th_er_mal )
Water Glycol y((ig;;ﬂ Average D?]V'(ﬂ/?)o d'ﬁ‘;S'VZ'“_’/leO
(ref) (ref) mes
Distilled - 1.38+0.  1.39+0. 1.39 2.80 1.43
Water 0321 0344
Ethylene 1.30+0. - 1.29+0. 1.30 5.00 1.40
Glycol 0431 0392
Glycerol  0.13+0. 0.12+0. - 0.13 7.69 0.12
0411 0409

Table 12 Thermal diffusivity values of the standard liquids.

Theoretical
thermal
Experimental thermal diffusivity/x10™ diffusivity/x10
Tm2s-1 -
Sample Tm2s
1
PPE . Dual-beam mode-
(PVDF PPE (Pi;ztnosc(i)lrc;de mismatched thermal
Sensor) lens method
Distill
ed
1.34 1.35 1.39 1.43
wate

r
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Ethyle
ne 1.30 1.33 1.30 1.40
glyco
|
Glycerol 0.13 0.13 0.13 0.12

From Table 11, it is clearly seen that the deviations from dual-beam mode-mismatched thermal
lens method show a better result if compared to all the setups and it is the nearest to the
theoretical as shown in Table 12. This is because dual-beam mode-mismatched thermal lens
method is a powerful tool for studying the thermal and optical properties of materials with high
sensitivity and versatility.

The high sensitivity of the setup is due to the mode-mismatched configuration. This is because
mode mismatching can optimize the interaction between the beams and the sample, thereby
increasing sensitivity to changes induced by the pump beam or known as excitation beam.
Mode mismatching also enable the two beam sources to have a slight gap which is less than
1.5°. This gap is extremely crucial because by separating the pump and probe beams, this setup
can detect subtle changes induced by the pump beam without interference from the probe beam
and vice versa. This separation enhances sensitivity to changes in the sample.

Since the thermal diffusivity values obtained using dual-beam mode-mismatched thermal lens
method is almost the same with the PPE setup, therefore the setup is continued to use for
determining the thermal diffusivity values of graphene oxide solutions.

Determination of thermal diffusivity of different concentration of GO using dual-beam
mode-mismatched thermal lens method

The thermal diffusivity of graphene oxide (GO) can vary depending on several factors,
including concentration, synthesis method, and experimental conditions. Generally, as the
concentration of graphene oxide increases, the thermal diffusivity tends to decrease due to
increased scattering of phonons (quasiparticles representing the quantized mechanical
vibrations of the crystal lattice) at higher concentrations.

In order to determine thermal diffusivity of GO by using different concentrations, a solution of
100CC distilled water is mixed with 1g of GO powder to make the GO solutions into different
concentrations as 0.5mg/ml, 1.0mg/ml, 1.5mg/ml, 2.0mg/ml and 2.5mg/ml.

Once the solutions are ready, the experiment is started by pouring the solution into the container
to start the experiment.
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Figure 15 Dependence of amplitude signal as function of Sqrt Frequency, F of GO with at different
concentration

From Figure 15, it shows that when the concentration ratio g/ml increases, the amplitude signal
of voltage higher, resulting in an increment of the slope of graph (In V/sqgrt F) as summarized
shown in Table 13 and Figure 16.

Table 13 Thermal diffusivity of GO with different concentrations.

Concentration/ g/ml Experimental Thermal Diffusivity/ x107m?s™!

0.5 0.14+0.013
1.0 0.15+0.013
1.5 0.18+0.012
2.0 0.21+0.016
2.5 0.24+0.015

‘l:“ﬂ 25

éo 20 - /’/}

%: //"/ N

Tgu 0.15 }-//%

2

0.10

Concentration (g/ml)

Figure 16 Graph of different concentrations against thermal diffusivity.

From Table 13, it is clearly noticed that when the particle concentration of the GO solutions
increases, thermal diffusivity also increases [*°1. As predicted by the thermal equilibrium model,
the nanofluid's decreased specific heat capacity explains the increase in thermal diffusivity [,
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As the concentration of nanoparticles increases, so does the specific heat capacity. The
observed enhancement of the thermal diffusivity is a result of both a drop in specific heat
capacity and an increase in thermal conductivity[*®l. Additionally, when the concentration of
nanoparticles increases, optical absorption rises as well, improving thermal diffusivity [£7-€].

Increasing the concentration of graphene oxide can have a significant impact on the thermal
diffusivity of materials. Several studies provide insights into how changes in graphene oxide
concentration influence thermal properties. For instance, research on graphene-based
lubricants indicates that the thermal conductivity and viscosity of graphene lubricants increase
with higher graphene concentrations °. Similarly, in composite materials, the thermal
conductivity can increase with the rising content of reduced graphene oxide 2%,

Moreover, the addition of functionalized graphene oxide to materials like polyetherimide has
been shown to enhance thermal conductivity 3. However, it is essential to note that the
relationship between graphene oxide concentration and thermal diffusivity may not always
follow a linear trend. Studies on dispersions of silicon oxide nanoparticles suggest that the
thermal diffusivity can pass through a minimum threshold with increasing concentrations !,

Furthermore, the thermal diffusivity of graphene composites can be influenced by the quantity
of introduced graphene, with differences in thermal diffusivity observed between different
directions as the graphene content increases [?21. Additionally, the thermal conductivity of
nanofluids containing graphene oxide nanosheets can be significantly enhanced with higher
loading levels 23}

The decrease in specific heat capacity with increasing graphene nanoparticle concentration, as
observed in studies 4 can explain the increase in thermal diffusivity. When graphene
nanoparticles are suspended in a fluid, the specific heat capacity of the suspension decreases
as the nanoparticle concentration rises. This reduction in specific heat capacity is attributed to
the lower heat storage capacity of the graphene nanoparticle suspension compared to the base
fluid. Consequently, the decrease in specific heat capacity contributes to the increase in thermal
diffusivity of the material, as noted in the research on graphene nanofluids %!, The enhanced
thermal properties of graphene dispersions, further support the notion that changes in specific
heat capacity due to graphene concentration variations can influence thermal diffusivity.

CONCLUSION

This study successfully shown the thermal diffusivity measurement of standard liquid and
different concentrations by using PPE setup with PVDF sensors and photodiode sensor and
also by using dual-beam mode-mismatched thermal lens setup. When the particle concentration
increases, thermal diffusivity increases. However, when the volume kept increasing, it will be
affected due to presence of the temperature gradient.
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