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Abstract- Quenching takes an important part in the heat treatment process that controls the
microstructure, thus enhance its mechanical properties. The heat treatment process starts with
heating at an elevated temperature, holding time then rapid cooling to room temperature. It
requires a medium with a good thermal conductivity that can be achieved by the addition of
nanoparticles to the quench medium, referred to as nanofluids. In this research, carbon particles
were prepared by the top-down method, where the reduction of carbon particle was done by
planetary ball-mill for 15 hours at 500 rpm. Cetyl Trimethyl Ammonium Bromide is utilized as
a cationic surfactant in order to reduce agglomeration at suspended particles thus increase
quenching efficiency. Field-Emission Scanning Electron Microscope (FE-SEM), and Energy
Dispersive X-Ray Spectroscopy (EDX) were used to observe the composition of material,
particle size and particle morphology, and the change of the surface. Initial characterization by
FE-SEM showed that the particle size after milling was averaged roughly at 15 pum, therefore, it
was still not in the nanometer range. However, EDS result confirmed that the powder used in
this research were 99% carbon. Carbon microparticles were added as the particle to distilled
water as the microfluid base. Water-based carbon microfluid with a volume of 100 ml was
produced by the two-step method, by mixing carbon microparticles at 0.1 wt%, and 0.5 wt% in
various concentration of cationic surfactant of 1 wt%, 3 wt%, and Swt % respectively. Samples
of AISI 1045 or JIS S45C carbon steels were heat treated by austenizing at 1000°C in a heating
furnace, followed by rapid quenching in microfluid as the medium quench resulting on cooling
rate diagram. Mechanical properties and microstructures of the quenched samples will be
observed by conducting hardness examination and metallography observation to analyze the
effect of various carbon and surfactant concentration used in the water-based carbon microfluid
quench medium.
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1. Introduction

Mechanical properties of material play an important and vital role in various kind of industry.
It is often achieved by heat-treating due to its effectiveness and economic factor. The principle
of heat-treatment in order to enhance properties is to trap martensitic structure in the steel matrix
by rapid cooling from heating at above austenitic temperature for it has a needle-like structure
to hinder dislocation movements thus higher hardness value can be achieved 3. Quench
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medium determine the cooling rate of heat treatment and becomes a critical factor for the
material's properties and failure [,

With around 100nm size, nanoparticles can be dispersed to quench medium to increase heat
transfer efficiency and capability called nanofluid. In previous researches, nanofluid has been
proved to increase the thermal conductivity of the quench medium 34, Titanium dioxide
nanoparticles have put an impact when added to water-based nanofluid for enhancing thermal
conductivity by the addition of particle concentration Bl Carbon as nanoparticle has
hydrophaobic properties and affect directly when dispersed to liquid such as water or oil, to cause
agglomeration thus the performance regressed [6l. Stability and good dispersion are desired and
it can be acquired by the use of surfactant. Recent studies have proved the use of surfactant to
graphene nanofluid have greater stability to graphene nanofluid without surfactant due to the
reduction of the contact angle between the nanoparticle and the base fluid, surface tension also
increasing the wettability of nanoparticles thus interfacial tension is reduced and heat transfer
rate and cooling rate can be improved[”%l. Recent studies have proved that the greater amount
of surfactant concentration compared to nanoparticle concentration used in nanofluid will
improve dispersion of nanoparticle in the fluid base ['%. The use of different type of surfactant
can affect different leverage to nanofluid, it is classified by the composition of the polarity of
the head group which is nonionic, anionic, cationic and amphoteric [1-*21, The adsorption of
amphoteric surfactant is better than anionic surfactant due to electrostatic association affecting
on the better controlling ability of lubrication and wetting of nanofluid, non-ionic surfactant
play a positive effect on carbon nanotubes nanofluid and cationic surfactant has the ability to
reduce the viscosity of crude oil improving the clean flow of the oil [13-18],

In this study, we investigate the influence of a variety of cationic surfactant composition,
Cetyl Trimethyl Ammonium Bromide (CTAB) on carbon microfluid by observation of the
microstructures of S45C steel and a hardness value of the material before and after heat-treated
by quenching.

2. Materials and Methods

2.1. Material and Heat Treatment Experiments

The material used for this study was S45C steel rod with carbon composition ranging from
0.42 - 0.48 wt.% in 15mm x 10mm x 10mm dimension cut by hand saw. Heat treatment was
conducted in a furnace from room temperature around 25°C, then pre-heated to 600°C with
10°C/minute rate, followed by holding for 15 minutes. Pre-heat was done to avoid cracking of
the material 1°1. S45C steel then carried out to heat at 1000°C for one hour at an austenizing
temperature to acquire austenite structure. Samples of steel then quench and immersed in carbon
water-based microfluid in pure distilled water to achieve martensite structure. Quench medium
used were pure distilled water to observe microstructures and hardness without microparticles,
0.1 wt% and 0.5 wt% carbon micro-sized particles composition with the addition of CTAB in
1 wt%, 3 wt%, and 5 wt% composition.

2.2.Preparation of Carbon Water-based Microfluid
Carbon microparticles were done by the two-step method in laboratory grade obtained from
Sigma-Aldrich. The preparation of carbon microparticles was carried out by milling of carbon
powders for 15 hours at 500 rpm using planetary ball mill in Department of Metallurgy and
Material Faculty of Engineering Universitas Indonesia, Depok. This process was originally
aimed to decrease carbon powder to nano-sized. The next method was the dispersion of
microparticles to distilled water with the addition of CTAB surfactant in 1 wt%, 3 wt%, and 5
wt% weight composition. Sonification was done using an ultrasonic cleaner for 280 seconds in
room temperature to achieve greater dispersion and stability of carbon microparticles and
surfactant in the fluid before followed by quenching [2,
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2.3.Experimental Methods

After immersed in quench medium, samples of steel were washed by water then prepared by
metallographic procedure then followed by etching in Nital containing 3ml nitric acid and 97
ml ethyl alcohol for five seconds after polishing. Observation of microstructures was carried
out using an optical microscope at 100x magnification and hardness was obtained using a
Vickers hardness test using 300gf diamond indenter load for 10 seconds. The result of the
indentor size in samples was observed with a microscope then the calculation is done to the
obtained final hardness value. Carbon powder characterization was done at Centre for Material
Processing and Failure Analysis (CMPFA) Universitas Indonesia using Field Emission
Scanning Electron Microscope (FE-SEM) and Energy Dispersive X-ray (EDX).

3. Results and Discussion

3.1. Carbon Microparticles Characterization

Carbon microparticles characterization is done using FE-SEM and EDX Test. Figure 1
shows the imaging result of FE-SEM examination of carbon microparticles in (A) 500x
magnification and (B) 1000x magnification. The objective of this examination is to observe the
particle size of the laboratory-grade carbon powder used in this study. The measurement of
average size of carbon microparticles resulting in 15.08 um.

EDS test result is shown in Table 1. The objective of EDS is to obtain the composition of
carbon microparticles and the purity of the powders. It is shown that the carbon composition is
94.16 wt.% and the rest of the powder is oxygen in 5.84 wt%. No impurities are detected from
the result of EDS examination.

Table 1. The composition of laboratory-grade carbon microparticles from EDS. (%wt.)

Laboratory Grade C @)
Carbon Powder 94.16 5.84

3.2. Microstructures Observation

Microstructures of S45C steel is shown in Figure 2. Figure 2A shows the microstructures
of steel immersed in the pure distilled water. Figure 2B shows the microstructures in 0.1 wt.%
carbon, then followed by the addition of CTAB 1% in 2C, CTAB 3% in 2D and CTAB 5% in
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2E. Figure 2F shows the microstructure in 0.5 wt% carbon, with the addition of 1% CTAB in
2G, 3% CTAB in 2H and 5% CTAB in 2I.

Martensitic structures can be observed explicitly 2C-E and 2G-1 marked by the darker area
in brown color [?Y1, The greatest area of martensitic structure can be observed at 2C in 0.1wt%
carbon and 1% CTAB. The comparison can be observed clearly to 2A and 2B which fewer
brownish/darker area appear. The martensitic structure also has a fewer amount at 2B with 0.1
wt,% carbon than in 2F in 0.5wt% composition. It can be Oconcluded that the addition of carbon
can affect the greater amount of martensite achieved. Black spot captured in microstructure
images can be explained with carbon sputtering out of the steel containing medium carbon
composition by decarburization in high temperature due to the reaction of carbon reacts with
oxygen or hydrogen in the furnace when heat treated thus the loss of carbon atoms in the surface
happened to result on a black spot in microstructure images [22-%3

Figure 2. Microstructures observation of S45C steel in (A) pure distilled water, (B) 0.1wt% carbon, 0.1 wt% carbon with
CTAB addition of (C) 1%, (D) 3% (E) 5%, (F) 0.5 wt% carbon 0.5 wt% carbon with CTAB addition of (G) 1%, (H) 3% (1)
5% in 100x magnification.

3.3.Hardness Values

The result of the hardness value is shown in Table 2. The hardness of the material in carbon
0.1wt% and 0.5wt% unexpectedly to be the same value which is 457.4 HV. The highest
hardness value is 665.3 HV in 0.1wt% carbon composition with 1% CTAB addition, followed
by 614.7 HV in carbon 0.5wt% with 3% addition. It can be stated that the optimum addition of
the surfactant is 1% in 0.1wt% carbon microparticles and 3% in 0.5wt% carbon microparticles.
The addition of surfactant in higher concentration seem to improve hardness value. This might
due to the ability to reduce agglomeration. While the addition of surfactant more than optimum
concentration can reduce hardness value.
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Table 2. The hardness value of S45C steel in various components of microfluid.

CTAB Composition Ha(rs\r/\;ess

0% 457.4

Carbon 1% 665.3
0.1% 3% 569.7
5% 578.9

0% 457.4

Carbon 1% 508.3
0.5% 3% 614.7
5% 554.8

Figure 3 shows the graph of hardness value in various concentration of carbon and the addition
of CTAB surfactant. The optimum CTAB concentration in 0.1wt% carbon is 1 wt% and 3 wt%
in 0.5 wt % carbon microparticles. There is no close correlation between the carbon 0.1wt%
and carbon 0.5 wt% that can be concluded. Both of the composition of microparticles yield a
different result of hardness value depending on the addition of CTAB. The optimum
concentration of CTAB and the highest hardness value obtained differ from one another. Yet it
can be concluded that the addition of surfactant improved the hardness value compared to 0%

use of surfactant.
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4. Conclusions

CTAB (wt. %)

Figure 3. The visual graph of hardness value S45C steel immersed in various components of microfluid.

Cetyl trimethyl ammonium bromide (CTAB) was used as a cationic surfactant along with
carbon microparticles in a water-based fluid as microfluid quenchants in order to investigate
the effect of the surfactant on S45C microstructures and hardness. Carbon microparticles were
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used in 0.1wt% and 0.5wt% composition along with the addition of 1 wt%, 3 wt% and 5 wt%
CTAB. Heat treatment by quenching produced martensitic structure marked by brown-colored
area. Steel immersed in 0.1wt% carbon microparticles and 1% CTAB surfactant showed the
greatest area of martensite. It also proved by the highest hardness value obtained which is 665.3
HV, followed by immersion in 0.5wt% carbon microparticles composition and 3% CTAB
resulting in 614.7 HV. The addition of CTAB surfactant seem to improve the hardness of the
material respectively. This improvment was probably due to the CTAB surfactant effect on the
agglomeration reduction of carbon microparticles in a water-based microfluid.
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