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ABSTRACT

Metal reinforcement that has an impact on improving mechanical properties can occur in various ways, including by strain hardening mechanisms, solid
solutions, second phase, prespitations, disperse, grain refinement and texture. In recent years, another method has been developed to obtain good
mechanical properties without adding alloy elements, namely by the method of comprehensive plastic deformation (Severe Plastic Deformation). The
purpose of this research is to conduct a study of rolling using medium carbon steel with a treatment temperature above recrystallization, rolling rate,
sintering time, cooling media as an effort to develop and design new innovations about steel structures being rolled. The study of developing rolling
techniques that can be applied in industry and can be applied as learning material / media in higher education requires structured research stages. The
best impact value from this temper process is a temperature of 550 ° C for 1 hour where the impact value is 1.58 J / mm2 with air conditioning media. In
the rolling process above the recrystallization temperature 800 ° C deformation 20% the impact value is 1.7 J / mm?2 where the toughness indicates a

ductile fracture while the deformation is 10% the impact value
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1. Introduction

The development of material technology and microtechnology
engineering has driven enormous changes in the use of materials, especially
steel in the industrial world. Along with the development, steel is needed
with the characteristics and characteristics that are appropriate to the
conditions when applied [1]. Therefore we need steel with strong
characteristics, tough and corrosion resistant [2]. The toughness which is
still low on a steel will cause easy breakage and easy corrosion. In recent
years, another method has been developed to obtain good mechanical
properties without adding alloy elements, namely by the method thorough
plastic deformation (Severe Plastic Devormation). The overall deformation
process is the process of forming metals in which the plastic strain given to
the metal or material is very large so that it produces fine grain (Ultra Fine
Grain). A research, [3] obeseved about Intermittent drying of paddy rice is
fully investigated both theoretically and experimentally. A model was
developed to represent simultaneous heat and mass transfer for drying
stages and mass transfer for tempering one. And both specimen was
cylindrical and spherical coordinates assuming non-constant paddy rice
physical properties. Further, a set of experiments are designed and carried
out in a lab-scale fluidized bed dryer to estimate the moisture diffusivity of
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rice and to evaluate the effects of different parameters. The model estimates
show good agreement with experimental data. Cylindrical model slightly
better fits the experimental results specially after tempering stage.
Simulation results reveal that thermal equilibrium is rapidly reached within
the first two minutes. Air velocity shows to have no significant effect on
drying rate when fluidization condition is prevailed. In addition, drying rate
is drastically improved after applying tempering stages as a result of
moisture gradient removal.

The deformation process is done, among others, can be done by
way of the hot working or cold. The deformation process by way of rolling
give effect to the violence prevalent in steel. According to [4] rolling
process above the recrystallization temperature from the results of the
hardness and toughness test at a temperature of 800 ° C deformation of 20%
its value above the raw material (raw material), namely a hardness value of
420 BHN and a toughness of 1.7 J / mm?2 so that it can be concluded that
the effect of the rolling process is above the recrystallization temperature at
a temperature of 800 ° C deformation 20% better than the initial material
(raw material). The research explained that the rolling process and the
temperature above the crystallization temperature had an increase in the
hardness characteristics of the metal because the structure of the metal
grains was getting smaller. But on the other hand the advantages of rolling
process results have their own weaknesses against corrosion resistance,
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such as the results of research conducted by explaining that the corrosion
rate of rolling results against NaCl decreases with increasing deformation
but it cannot be concluded that grain size affects the rate corrosion due to
polarization testing only measures the rate of surface corrosion. From the
results of these studies indicate that increasing deformation and structural
changes of steel experience a low corrosion rate. [5] research results of the
rolling process above the recrystallization temperature from the results of
the hardness and toughness test at a temperature of 800 ° C deformation of
20% value above the raw material (raw material), namely a hardness value
of 420 BHN and a toughness of 1, 7 J / mm2 so that it can be concluded
that the effect of the rolling process above the recrystallization temperature
at a temperature of 800 ° C deformation is 20% better than the initial
material (raw material) [6]. The rate of corrosion of NaCl decreases with
increasing deformation but it cannot be concluded that grain size affects the
rate of corrosion because polarization testing only measures surface
corrosion rates. A reaseach observed about grain boundary on Fe-Mn-Al-
C-Cr annealed steel at 1100 °C for 30 min after hot rolling with 66% and
80% reduction. The fractions of low-X coincidence site lattice (CSL)
boundaries have exceeded 60% after hot rolling, and reached 77% after
annealing treatment. Whether after hot rolling or annealing, the fractions of
29 and X27 in samples with 80% reduction were obviously higher than
those with 66% reduction. It indicated that hot rolling reduction was the key
to realize grain boundary character distribution optimization [7] [8], [9]. On
this research the effect of rolling treatment under recrystallization
temperature that has been done, after the optimal values are taken, the
results obtained are still below the raw material (raw material), so it can be
concluded that the effect of rolling under recrystallization temperature is
only decrease its mechanical properties. According to this reserch
tempering can reduce the value of violence and tensile strength. [10] The
results of hardness testing on 8 mm thick steel plates show the smaller the
diameter of the rolling the higher the price of hardness, the highest hardness
price is in the tensile radius of 1000 mm that is equal to 225.5 kglmm?, and
the lowest hardness price is in the area tensile material of 208.4 kg / mm?Z.
Explanation from some of the above studies, the researchers concluded with
a deformation level, and crystallization temperature produces a low
corrosion rate[11]. So the researchers took the existing problems to do
further research with the aim to produce strength that is tough and high
corrosion rate. To produce in accordance with the objectives of the study,
researchers conducted tests with sintering time and air conditioning media
[2].

The purpose of this research is to conduct a steel rolling study
medium carbon with a treatment temperature above recrystallization,
rolling rate, sintering time, cooling medium as an effort to develop and
design new innovations about steel structures being rolled [12]. The
purpose of this research is to conduct a study of rolling using medium
carbon steel with a treatment temperature above recrystallization, rolling
rate, sintering time, cooling media as an effort to develop and design new
innovations about steel structures being rolled undergoing the rolling
process with treatment of rolling rate, sintering time and air conditioning
media [13]. The purpose of the urgency of the research is that the pursuit of
this research is carried out because of the urgent need to find a solution to
the problem is that steel is widely used in various needs in the development
of technology in various fields [14]. By far the most visible requirement is
the need for manufacturing technology such as: manufacturing vehicle
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equipment, etc. So that the steel users have the results of rolling hoops have
characteristics that match the needs such as resistance to corrosion, the level
of hardness [15]. The target to be achieved is to find new breakthroughs by
utilizing the characteristics contained in steel with a variety of treatments
to get maximum results. One of the heat treatment processes in steel is
hardening, which is the process of heating the steel to temperatures in the
area or above the critical area followed by rapid cooling called quench [16].
The second is the method of comprehensive plastic deformation (Severe
Plastic Deformation). The overall plastic deformation process is the process
of forming metals in which plastic strain which is given to the metal or
material being processed is very large so as to produce a smooth grain (ultra
fine grain) [17]. The deformation process is done, among others, can be
done by way of the hot working or cold. With some of the above treatment
for cooling media using air whose main purpose is to produce deformed
steel to resist corrosion [18].

1.1. Bumping

Scraping is the process of flexing the material using plastic
properties [19]. The main purpose of the flexing process is to form a plate
or the formation of a workpiece with the desired diameter / radius of a
certain curvature. To produce a cylindrical or conical construction (for
example a boiler, tank, pipe), or structure, a round plate bending machine
is needed [20]. This machine consists of three rollers with the same
diameter. Two of them are fixed and the other one can be set. Metal plates
come in between the three rollers, and flexing occurs. The final diameter
can be adjusted by adjusting the third roller: the closer it is to the fixed
roller, the smaller the final diameter, the bending of the plate can be in the
shape of a circular cone round in the gap between them. Movement on a
small flexing machine is done by hand, whereas it is large with a motor[21],
[22].

Figure 1. Caption Centered
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1.2. Mechanical Properties of Steel

Some important mechanical properties, among others (Zainuri, 2008: 102):

1.  Strength (Strength)
State the material's ability to accept stress without causing the
material to break. This strength is of several kinds depending on the
type of load at work, namely tensile strength, compressive strength,
shear strength, torsional strength and flexural strength.

2. Hardeness
It can be defined as the ability of a material to withstand scratches,
abrasion (abrasion), and identification (penetration). This property is
related to wear resistance. Violence also has a correlation with
strength.

3. Ductility
State the ability of the material to accept stress without causing
permanent deformation after the threshold is removed. The elasticity
also states how much elastic deformation can occur before
permanent deformation begins, in other words resilience states the
ability of the material to return to its original shape and size after
receiving a load that causes deformation.

4.  Stiffness
Stating the ability of materials to accept stress or load without causing
deformation or deflection.

1.3. Deformation Process

The effect of temperature on the processes of formation is change material
properties and behavior. In general, an increase in temperature will result
in a decrease in the strength of the material, an increase in ductility and a
decrease in the rate of strain hardening in which the change results in
material ease of deformation. Based on the temperature of the material at
the time of this deformation, the metal forming process can be classified
into two major groups, namely : Hot working, and Cold working[23].

1.4. Sintering Process

Sintering is a heating process below the melting point in order form a new
crystalline phase as desired and aim to help react the constituent materials
both ceramic and metal materials [24]. The sintering process will have a
considerable effect on the formation of the crystalline phase of the material.
The phase fraction formed generally depends on the sintering time and or
temperature. The greater the sintering temperature it is possible the faster
the crystal formation process [25]. The size of the temperature also affects
the shape and size of the gap and also affects the structure of crystal
growth[26]. Sintering temperatures can be determined from thermal
experiments such as DTA, DTG, and DSC. Based on the results of this
experiment obtained melt temperature other than decomposition
temperature. Each composition of certain compounds has a melting point.
Sintering of ceramic materials is usually determined around 75% of the
total melting point [27]. In the sintering process, a new phase formation
process takes place through a heating process where during the reaction
the forming component is still in the solid form of the powder mixture. It is
intended that the grains (grains) in adjacent particles can react and bind.
The solid phase sintering process is divided into three solids, namely:
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1.  Early stage
At this initial stage atomic bonds are formed. Contact between
particles forms a neck that grows into grain boundaries between
particles. Growth will become faster with an increase in sintering
temperature. At this stage shrinkage also occurs due to smooth
porosity surfaces.

2. Intermediate stage
At this stage, particle desification and growth occur, ie small grains
dissolve and join large grains. Accommodation of this grain shape
results in compaction the better one. At this stage the porosity
removal is also carried out. As a result of the grain boundary shift,
porosity begins to interconnect and form a cylinder on the side of the
grain.

3. The final stage
The phenomenon of desification and grain growth continues at a
slower rate than before. Likewise with the porosity removal process,
grain boundary shifts continue. If the grain boundary shift is slower
than porosity, the porosity will appear on the surface and are
interconnected. However, if the grain boundary shift is faster than
porosity, the porosity will precipitate in the product and will be
difficult to remove. The resulting product is expected to have a high
density and homogeneous, then the homogenization process must
occur in the sintering process. If there is an oxide layer on the metal
powder, the expected sintering process can be slower. In addition to
this oxide layer, the resulting product becomes more brittle, the oxide
layer also inhibits the diffusion process between powder particles
during sintering and increases the sintering temperature. The oxide
layer attached to the powder is formed due to contact between the
surface of the powder with air and due to the treatment received by
the powder during the powder metallurgical production process.
Oxides in powders can be minimized by flowing reduction gases
before or during sintering.

1.5. Observation of Micro Structure

Microstructure observation aims to determine changes in microstructure
from the material both before and after undergoing heat treatment. The
structure, hardness and ongoing transformation of the HAZ (Heat Affected
Zone) area can be read immediately on a diagram of a continuous cooling
transformation or a CCT (Continuous Colling Transformation) diagram
When the steel has cooled to the point "a" (+ 6800C), the ferrite will begin
to be deposited from austenite. This transformation continues and only ends
when the point "b" (+ 5900C) is reached and then replaced by the pearlit
deposition transformation which will end at point "c" (+ 5200C). From the
discussion above it can be analyzed that after cooling the structure formed
is ferrite and pearlite[28].

Usually a continuous cooling transformation diagram shows
also the hardness that steel will have after it cools following a certain
thermal cycle. Measuring the cooling time from 8000C to 5000C and
combining with the CCT diagram of the same steel, the structure and
hardness of the steel in the HAZ area can be determined. The diagram of
the continuous cooling transformation can change due to changes in the
maximum temperature that occurs[29]. Generally when the maximum
temperature rises, curves that indicate the occurrence of certain structures
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in the diagram move to the right that lead to the stabilization of martensite
formation, if this happens it is clear that the heat treatment results become
harder[30].

A research observed about the tensile and fatigue tests were conducted on
precipitate strengthened Cu-Ni-Si alloy. The fatigue properties of
specimens with cold working and without cold working in air, as well as
that of the specimen with cold working in salt atmosphere were
investigated. The results show that the monotonic tensile strength and the
yield strength are improved obviously, while the elongation decreases by
cold working. All the fatigue cracks initiate from the specimen surface by
slip deformation. In air condition, the specimens with cold working show
shear mode fracture with transgranular crack propagation and it is caused
by the obvious texture, while that without cold working show normal mode
fracture with both transgranular and intergranular crack propagation.
However, in salt atmosphere condition, the specimens with cold working
show normal mode fracture with totally intergranular crack
propagation[30].

2. Methods

The research method used is an experimental method. Samples to be treated
are selected according to materials that are widely used in industry. The
material used in this study is medium carbon steel. The material is then
heated to a recrystallization temperature by rolling. The specimen consisted
of 5 specimens with a thickness of 4cm with a length of 15cm. the
workpiece is heated with a temperature of recrystallization with a
temperature of 700 C, then cooled with free air and thickness of the
deformation of 5%, 10%, 15%, 20%, 25%. In addition, raw materials which
were not treated were prepared to compare the results before treatment and
after rolling. After that, the micro structure test, the level of corrosivity, are
carried out. The specimen will pass the microstructure test, hardness test
and tensile test. The results of this study are expected to be used as a guide
in the rolling process in order to produce maximum violence.

The equipment used during this research are:

e Furnace Heating ( Furnace Naber)

e Thermocouple Type-K

e Hardener

e Calibration term

e Clamp specimen

o Polisher Optical microscope

e VB Microscope

o Brinell hardness test equipment

e Machine Scrap

o Torsee Type AMUI0 tensile testing machine

The materials used in this study are as follows:

e Medium carbon steel which is a material used as a car rear spring (leaf
spring) which is applied to the palm harvester's blade.

e Resin and hardener.

e Sand paper with grades 120, 240, 400, 600, 800, 1000, 1200 and 1500.

o Digital etching solution 5%
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o Panel Fabric

3. Result

Based on the results of hardness testing that the hardness with the most
optimal value occurs at a temperature of 700 0 C with a deformation rate of
20% which is 405 on the BHN scale, followed at 550 ° C for 1.5 hours with
water cooling media which is 333 BHN and at a temperature of 550 ° C for
1.5 hours with ice water cooling media, and then up to the lowest hardness
value of 288.6 BHN at 600 ° C with 5% deformation. Based on the results
of the toughness test, it can be seen that toughness with the most optimal
value occurs at 605 C with the deformation rate of 5% is 2.36 J / mm2,
followed by deformation at a temperature of 655 ° C with a deformation
rate of 10% which is equal to 2, 4 J/ mm? and subsequently to the lowest
toughness value of 1.3 J/ mm2 at 750 ° C with 20% deformation.

4. Conclusion

The conclusions that can be drawn from this study are:

The toughness and shape of the medium carbon steel fracture obtained from

the impact test results, namely:

. In the process of forging 550 ° C for 1 hour the impact value is 1, 39
J/ mmz2and for 2 hours the impact value is 1.45 J/ mm?2 with ice water
cooling media whose toughness shows brittle fracture, while the
temperature of 550 ° C during 1 hour the impact value is 1.58J / mm?
with the air conditioning medium whose toughness shows a ductile
fracture. The best impact value from this temper process is a
temperature of 550 ° C for 1 hour where the impact value is 1.58 J /
mm2 with air conditioning media.

. In the process of rolling under recrystallization temperature 650 ° C
deformation 10% the impact value is 2.13 J / mm? and 5%
deformation the impact value is 2.3 J/ mm?2 while the temperature 600
° C deformation 5% the impact value is 2, 37 J / mm2 which shows
that all toughness is a ductile fracture. The best impact value of the
rolling process under this recrystallization temperature is 600 ° C 5%
deformation where the impact value is 2.37 J/ mma2.

. In the rolling process above the recrystallization temperature 800 ° C
deformation 20% the impact value is 1.7 J/ mm2 where the toughness
indicates a ductile fracture while the deformation is 10% the impact
value.
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