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The biomedical engineering is increasingly developing with the
creation of biomaterial dental crown products that can be used if teeth
are damaged from an aesthetic perspective. 316L stainless steel is a
biomaterial because it has good corrosion resistance and high
mechanical characteristics. However, the corrosion resistance and

Published Apr 30, 2024 mechanical strength of 316L stainless steel still need to be improved

so that it can be a better dental crown material. This research objective

Keywords: is to increase the mechanical value of 316L stainless steel by cold

. ial rolling treatment. Variations in reducing thickness by cold rolling
Biomateria consist of 0%, 5%, and 12%. After that, the specimen will be tested
Cold rolling

for Vickers hardness on the specimen surface and wettability. The
results obtained after the treatment were carried out that the greater
the variation in reducing the thickness of the specimen, the greater the
Vickers hardness value. However, in the wettability test, the contact
angle value decreased along with increasing variations in thickness
reduction. The increase in surface hardness value is due to the granules
becoming denser due to the influence of cold rolling. This reduces the
contact angle value so that the value of all variations becomes less than
90°.
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INTRODUCTION

One of the systems in the human body is the digestive system. The function of the digestive
system is to process food and beverages so that nutrients can be absorbed by the body to be used as
energy. In the digestive system, there is a role for the body's organs such as mouth and teeth. The role
of these oral organs is the main thing before the process of digestion and absorption of nutrients is carried
out. The process of breaking down the food and beverages will be carried out by the teeth after it enters
the mouth. Food and beverages that come into direct contact with teeth, if not cleaned regularly, will
cause plague on teeth. The interaction that occurs between plague and food that enters the mouth will

cause dental caries because the tooth enamel layer is dissolved. Cavities often occur due to dental caries
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that are not treated immediately so that the human digestive system can be disrupted (Davis et al., 2020;
Sensoy, 2021).

The biomedical field which continues to develop has created a dental crown product that can be
used if teeth are damaged (Sun et al., 2023). Materials used in biomedicine can use biomaterials. The
properties that biomaterials must have in the human body is able to accept the implanted biomaterial
without any side effects according to the organ being replaced and not release carcinogenic or toxic ions
in the body. Stainless steel 316L (SS 316L) is one of the biomaterials because it has durability, good
corrosion, and high mechanical properties (Goharian & Abdullah, 2017; Shahmir et al., 2024). In the
biomedical field, SS 316L is used for bone implants, dental crowns, and braces because it has good
biocompatibility, low price, high mechanical strength, and is easy to shape. However, the corrosion
resistance and mechanical strength properties of SS 316L still need to be improved to be able to be a
better material for biomaterials (Agarwal et al., 2020; Zahir et al., 2022).

One method that can be used to improve the physical and mechanical quality of SS 316L is cold
cold-working (Singh, 2020). High oxygen consumption can fail a material due to a corrosion reaction,
thereby endangering patients who use the material. Therefore, surface treatment must be carried out to
improve the mechanical properties, wear, and corrosion of SS 316L. The cold working applied in this
study is cold rolling. Cold rolling is the process of reducing the thickness of a material using a rolling
machine which is carried out below the recrystallization temperature. The cold rolling process will create
residual stress in the material, thus increasing the mechanical value (Jacobs et al., 2023; J. Liu et al.,
2024). In the research of Mohammadzehi et al., (2023), unidirectional and cross-rolling treatments were
carried out with variations in thickness reduction of 12.5-75% on SS 316L material. The results of this
research show that with a thickness reduction variation of 25% with rolling direction in the same
direction the mechanical value increases due to the growth of grain dislocations in the SS 316L material.
Then, after all variation specimens have been mechanically tested, the results will show an increasing
trend. Thus, cold rolling has the potential to increase mechanical strength values. In the research of
Aghamohammadi & Jamaati, (2024), the mechanical properties of AlSI 430 with cold rolling treatment
were investigated. The specimens used have a thickness of 4 mm with thickness reduction variations of
20%, 40%, and 60%. After tensile testing, the 60% thickness reduction variation had yield stress and
ultimate strength values of 823 MPa and 833 MPa respectively. This is due to the strain occurring in the
grains of AISI 430, resulting in the creation of dislocations. The increasing thickness reduction will
increase the strain and compact the grain dislocations so that the thickness reduction has a significant
effect on rolling. Therefore, this research aims to increase the mechanical value of SS316L material in

low-thickness reduction variations by cold rolling.

METHOD
The material used in this research was an SS316L plate with dimensions of 200 mm length, 100

mm width, and 3 mm thickness. The variations in cold rolling thickness reduction applied are 0%, 5%,
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and 12%. The research flow chart is shown in Figure 1. The rolling procedure is carried out at room
temperature. Surface hardness testing uses the Vickers hardness method with a Buehler Micromet series.
The indentation load for testing the surface hardness of the specimens is carried out at 3 different points
with a force load of 200 grams for 15 seconds. Wettability testing uses several tools such as a camera,
alcohol, distilled water, and dropper pipettes. The size of the specimens carried out in this test is 20 mm
long and 20 mm wide with a thickness according to the variation in thickness reduction that has been
given. Before carrying out a wettability test, the surface of the specimens must be cleaned using alcohol,
so the dirt does not stick to the surface of the specimen. This test is carried out by calculating the average
value of the contact angle between the droplet and the surface of the specimens. The process of taking
the wettability value is carried out twice at each different point on the center surface of the specimen.

The wettability schematic experiment is shown in Figure 2.
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Figure 1. Flow Chart
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Figure 2. Wettability schematic experiment

RESULTS AND DISCUSSION

Surface Hardness Test
Hardness testing on specimens is carried out using the Vickers method (HV). HV is obtained

from the results of calculating the diagonal length value from the indentation test.
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In the surface hardness test, a diagonal indentation length test was carried out at 3 center points

with an indentation load of 200 gf within 15 seconds. The data obtained from the test is calculated from

the average of each point to become the HV value on the following Table 1.
Table 1. Surface Hardness SS316L

Thickness Reduction HV Average

(%) (kgf/mm?)
0 275.25
5 485.48
12 532.76

From the test results data, the HV value obtained shows that the thickness reduction specimens
that occur, the greater HV value obtained on the following chart in Figure 3. This means that SS316L
which is treated by cold rolling will encounter plastic deformation causing the material to become
harder. The increases in HV value are caused by dislocation growth due to plastic deformation. Grain
dislocations will grow and trigger interactions between the other grains, causing the dislocation density
to be denser and inhibit each other, which can lead to increased hardness values (L. Liu et al., 2024;
Poojari et al., 2024; Zhu et al., 2024).
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Figure 3. Bar chart of HV surface SS316L

Wettability
Wettability testing is carried out to determine the wetting properties of a material surface after

being treated with cold rolling. The contact angle value between the surface and the droplet is the result
of wettability testing. The contact angle value will be visible after distilled water is dripped onto the
surface of the test material at a predetermined point (Sajid & Kiran, 2018). The help of a micro camera
will make it easier to analyze the contact angle value after the image-taking process. Then, contact angle
analysis can be determined from the material that has been tested. Data values for calculating droplet

contact angles on test materials with cold rolling treatment can be observed in Table 2.
Table 2. Surface Wettability SS316L

Thickness Reduction Contact Angle

(%) Average (°)
0 88.07
5 80.32
12 75.01

The data values contained in Table 2 show that the droplet contact angle value for each material
surface shows a decrease in value with each variation. This decrease in value shows that cold rolling
treatment is able to improve the material-wetting properties of each specimen tested. The 0% or raw
specimen was tested first with a test value obtained of 88.97°. The next process is testing on each
variation starting with a thickness reduction variation of 5% and 12%. The contact angle values obtained
in each variation respectively are 80.32° and 75.01°. The following is a graph of the contact angle values

for each specimen which can be seen in Figure 4.
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Figure 4. Bar chart of wettability SS316L

All wettability values obtained for each specimen indicate that all specimens have hydrophilic
properties (Cui et al., 2018). This is because the value of each specimen has a droplet contact angle of
less than 90° (Gao et al., 2023; Lu et al., 2021). The trend of decreasing contact angle values in the graph
in Figure 4 shows that cold rolling treatment is able to increase the wettability properties of the specimen
surface. In biomedical materials, especially implants, wettability has a significant impact on the level of
protein adsorption. Biomaterials with hydrophilic properties increase protein absorption and material
biocompatibility (Bagherifard et al., 2016; Pathote et al., 2023).

CONCLUSION
The study results show that the cold rolling treatment influences the surface properties of SS

316L. The greater variation in the cold rolling thickness reduction increases the surface Vickers hardness
value. The highest surface Vickers hardness value was found in the specimen with a 12% thickness
reduction of 532.76 MPa and the lowest value in the 0% specimen was 275.25 MPa. Then, the cold
rolling treatment of the specimen was able to reduce the droplet contact angle value on the material. The
results obtained from the wettability test showed that all specimens were hydrophilic. However, as the
variation in thickness reduction increases, the value will decrease. The lowest contact angle value for
the wettability test was found on the specimen with a thickness reduction of 12%, namely 75.01° and

the highest contact angle value was 88.97° on the 0% specimen.
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