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HRP Steel is heat treatable material  that is manufactured by Krakatu Company Steel Indonesian, which the spec-
ifi cation of HRP steel is classifi ed as an  armor 2nd class.To get the hardness and high strength, it is quenched  
(by heating it up to austenite temperature and held for a few moments, then cooled with water at T °C).Then the 
HRP Steel is heat treated again tempering (by heating it up to a certain temperature below the eutectoid line and 
retained for a while, then cooled with atmospheric air media) to improve its ductility. The purpose of this heat 
treatment is to improve the microstructure that can affect the value of hardness.There are two additional (?) 
methods  used in this research fortreatmentof that material: mechanical bending treatment with radius 55 mm and 
60 mm. Analysis of the results of research shows that bending treatment and heat treatment modifies  the 
morphology of microstructure. In the 55 mm bending radius treatment and quenching-tempering treatment,  a 
microstructure formed of  martensite structure that has higher percentage and has the form of a smooth martensite 
structure so that the value of Vickers hardness number is higher than the other treatment of 453 VHN treatment.
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INTRODUCTION

Material selection in manufacturing defense system main 
equipment (defense equipment) should be in accor-
dance with its function, the material must have optimal 
physical properties and be able to withstand the impact 
of bullets. During this time steel armor is a material that 
has optimal ballistic properties [1].ballistic performance 
Armor's based on the nature of the hardness, the higher 
the hardness, the better the ballistic performance. The 
main consideration of the use of steel in the military has 
ground power to penetration. The optimum properties 
of armor steel are determined by toughness and yield 
strength. Armorsteel types of quenched and tempered 
Steels widely used in highly stressed structures such as 
hull and turret combat vehicles [2].
HRP Steel is a  heat treatable steel product of PT. 
Krakatau Steel Indonesia, HRP Steel specifi cations 
are classifi ed as steel armor. To get high hardness and 
strength, HRP Steel is   heated to temperature austenite 
and held for a while and then cooled with water (quench-
ing), the result is a high hardness steel called Quenched 
HRP Steel (QHRP Steel). 
To increase ductility, QHRP is heated to a certain tem-
perature below the line eutectoid and held for a while 
and then cooled with atmospheric air. The results of high 
and tough steel are called  hardened Qenching and Tem-
pering. However, Q & T HRP Steel has a maximal hard-
ness, due to the existence of structures austenite that 
do not transform to martensite fully. process constraints 
Quenching of large-sized material, a lot of decreased 
temperature austenite when entering the water quencher 
so that violence is not maximal.

Quenched steel has the highest strength and hardness 
limits but low ductility. Distortion occurs during the for-
mation of martensite platelets which leads to increased 
strength and hardness [3]. To maintain the strength of 
quenched martensite for industrial scale it was tempered 
at temperatures between 150 °C - 200 °C [4].
Q & T Steel is steel which is produced from hot plate 
steel (HRP Steel), then quenched with aqueous media 
to increase the hardness followed by tempering to obtain 
ductility. The result of the process is steel that has high 
hardness and strength called armor steel.
Steel is a polycrystalline substance containing micro-
structure such as austenite, martensite and grain bound-
aries ferritic [5,6]. Martensite can be formed if steel is 
austenitized and cooled at high speed to avoid the for-
mation of ferrite, pearlite and bainite as stated in the Di-
agram Continuous Cooling Transformation [7,8]. Q & T 
Steel is widely used in the military because it has high 
hardness, strength ratio and good toughness. [9,10]. Be-
sides that steel has good ballistic and mechanical prop-
erties, namely a combination of strength, plasticity and 
violence [11,12]. Increased Q & T steel hardness occurs 
due to content low-carbon steel,  which causes steel 
hardness to be maximum [13, 14].
The microstructure contained in steel can change de-
pending on the temperature of the heat treatment and 
cooling treatment. Heat treatment temperature was ob-
tained from Fe-C diagram analysis to obtain the desired 
microstructure [15].
Fig. 1 shows the Fe-C phase diagram seen at a tem-
perature of 727 ° C, the austenite phase transformation 
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Figure 1: Phase diagram

becomes perlite phase. This phase transformation is 
known as the eutectoid reaction which is the basic phase 
of the heat treatment process in steel. At temperatures of 
912 ° C to 1394 ° C shows gamma iron (γ-Fe) or austen-
ite, austenite has a FCC (Face Centered Cubic) Crystal 
structure that is stable, soft, resilient and easily formed. 
At a temperature of 1147o C gamma iron can dissolve 
the maximum carbon element up to 2.14%, the tempera-
ture below 727 ° C pure iron is in the ferrite (α-Fe) phase 
with a BCC (Body Centered Cubic) crystal structure, 
pure iron BCC is able to dissolve maximum carbon is 
around 0.02% C at a temperature of 727 ° C. Whereas 
iron delta (Fe-Fe) is formed from gamma iron which un-
dergoes structural changes from FCC to BCC structure 
due to temperature increase from 1394 ° C to 1538 ° C, 
in this phase iron delta is only able to absorb carbon at 
0.05% C.
In the Fe-C phase diagram there are several phase 
changes, namely changes in ferrite phase (α-Fe), aus-

Figure 2: Quenching – Tempering visualization

tenite (γ-Fe), cementite, perlite, bainite and martensite. 
Ferrite is a solid solution of carbon in a pure iron struc-
ture that has a BureCC (Body Centered Cubic) structure 
with soft and ductile properties. The ferrite phase begins 
to form at temperatures between 300 ° C and reaches a 
temperature of 727 ° C. Solubility of carbon in this phase 
is relatively small compared to solubility in other solid 
solution phases. When the ferrite phase is formed, the 
solubility of carbon in alpha iron is only about 0.02% C.
The austenite phase is a solid solution of intertition be-
tween carbon and iron which has a FCC (Face Centered 
Cubic) structure. The austenite phase is formed between 
912 ° C temperature and 1394 ° C temperature. Solubil-
ity of carbon when it is in the austenite phase is greater 
until it reaches carbon solubility of around 2.14% C.

The novelty of this research is the hardness caused by 
changes in granules through the austenite temperature 
closest to the transformation line Ar3. The problem that 
arises in this study is how to increase the hardness by 
changing the martensitic microstructure on the hot roll 
steel plate so that the hardness reaches ≥ 500 BHN.

Materials and Methods

Figure 3: Microstructure of steel in ferit phase

Figure 4: Microstructure of steel in austenit phase

In this study, looking for causes - effects that occur in 
each treatment given to Hot Rolled Plate Steel (HRPS). 
Material is obtained with a certifi cate listed in the chemi-
cal composition in order to maintain the truth and accura-
cy of the data. Material research was obtained from PT. 
Krakatau Steel is identical to ASTM A-570 Grade 30-50 
which is classifi ed as low carbon steel with a C content 
of 0.29%.
This study used an experimental method, the indepen-

Figure 5: Microstructure before heat treatment
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dent variables used were bending radius and heat treat-
ment (Quench and Temper), the dependent variable was 
the morphology of the microstructure and the value of 
hardness obtained from the results of hardness testing 
using the Vickers method. Quench 800 ˚C temperatures 
with a holding of 15 minutes and cooling water. While 
the temperature tempered 150 ˚C with a holding of 45 
minutes. 
Test preparation phase, 1) material is bended with a 
radius of 55 mm and 60 mm, 2) hardness test of steel 
plate, 3) heat treatment. Hardness testing aims to deter-
mine changes in each material treatment. The material 
that has been formed is given a quench, tempered and 
quench-tempered heat treatment.

Figure 6: Material bending radius 
(a) 55 mm and (b) 60 mm 

was connected to the program on the computer. The 
specimen is placed on a test plane or microscope 
table and then brought closer to an optical micro-
scope.

5. With an enlargement of 50 to 200 times, and taking 
photos of each specimen. Focusing on the micro-
scope is rotated to get a good observation of each 
specimen. 

6. After getting the right focus and lighting, take a photo 
from the specimen by clicking on the Capture frame 
icon in the program.

Results and Discussion

Effect of Bending Radius on HRP Steel Microstructure.
From the results of research conducted, with different 
bending angles morphological tests with hardness test 
research data in previus studies as morphological analy-
sis reference with hardness properties.
Figure 10, morphologically the microstructure undergoes 
changes in each change in bending treatment size. The 
appearance of the 55mm bending ferrite structure (fi g. 
10.a) has a greater density compared to 60mm bending 
(fi g. 10.b). This is because the ferrite structure bending 
treatment moves to dock with other ferrite structures 

Table 1: Chemical composition of sheet material  ( mass percent, % )

Al C Cr Cu Fe Mn Mo Ni P Pb

0.0378 0.2934 0.5503 0.0833 96.7625 1.4121 0.1930 0.2787 0.0142 0.0082

S Si Sn Ti V W

0.0081 0.3298 0.0034 0.0044 0.0147 0.0095

Figure 7: Micro photo material samples and radius 
hardness test (a) 55 mm and (b) 60 mm

Figure 8: Grinding machine

Metallographic examination aims to see and analyze the 
type and shape of microstructure after undergoing a heat 
treatment process in order to compare the microstruc-
ture of each specimen, metallographic specimens and 
for hardness testing.
To observe the microstructure, the test specimen is cut 
at the end. Experiments carried out on Metallography 
testing: 
1. Specimens that have been cut and framed (mount-

ed) grinded with grades 400, 600, 800, 1000, 1500. 
2. The results of grinding, the specimens are polished 

with magnesium oxide (MgO) so that there are no 
scratches on the surface of the specimen.

3. 3% nital etching is poured in a container and the 
specimen is dipped into etching for 5-30 seconds. 
The process of processing by dipping for ± 10 sec-
onds in the digital solution is then washed with clean 
water and then dried. 

4. Microstructure observation was carried out using 
the OLYMPUS BX41M optical microscope which 
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Table 2: Hardness value Hot Rolled Plate Steel

The test object code (VHN) 

HNHRC 275,220

Figure 9: Photo Micro

due to the bending force, so that the bending area of 
hardness at HRP Steel becomes high due to the density 
of ferrite structures. When connected with fi gure 5 be-
fore bending ferrite structure density at 55mm bending 
is more dense. This will affect the nature of violence on 
HRP Steel. If proven by fi gure 11 the value of bending at 
55mm is higher than HRP Steel before getting bending 
treatment.
In Figure 10.b, the density of the ferrite structure is more 
tenuous compared to HRP Steel before bending treat-
ment and after 55mm bending treatment. So that the 
value of hardness at HRP Steel bending 60mm is below 
HRP Steel before bending treatment and after 55mm 
bending treatment, this is evidenced by fi gure 11. At HRP 
Steel bending 60mm when giving ferrite structural force 
moves the given bending force, because the bending 
force is too large given the density of the ferrite structure 
at the center point becomes high and will move back to 
the empty space that is moving away to the area near 

Figure 10: Microstructur HRPS after heat treatment a) Bending 55mm b) Bending 60mm

the center of the force. Actually, at 60mm bending this 
is a re-alignment of ferrite structures from the center of 
the bending area to areas that are far from the center of 
bending. But the weakness of bending 60 mm which is 
done by bending center area has a lower hardness value 
than bending 55 mm.
In bending treatment, the microstructure in HRP Steel 
does not experience phase changes. Changes in mi-
crostructure that occur in bending treatment only on the 
movement of ferrite and pearlite structures. This is be-
cause in the bending treatment there is no heat treat-
ment. The cause of the phase change of microstructure 
in steel is due to heat treatment as described in the Fe-C 
diagram (fi gure 1). The occurrence of phase changes in 
the ferrite structure to the austenite structure phase only 
occurs in the heat treatment temperature of 723 ˚C.
Effect of Heat Treatment on HRP Steel Microstructure.
Basically theoretically taken from previous research, the 
heat treatment given to a material can improve the phys-
ical properties and mechanical properties of the material. 
In addition to the heat treatment process temperature, 
the phase change in the structure is affected by cooling 
time (fi gure 12).
Figure 12 shows the cooling time after heating to aus-
tenizing temperature, where in fi gure 12 (b) cooling us-
ing water media will form the structure of austenite and 
martensite, cooling the oil media will form the structure 
of ferrite, perlite, austenite, bainite and martensite while 
with air media form the structure of ferrite, perlite and 
austenite [15]. 
This study, HRP steel material that has been bent with a 
radius of 55 mm and 60 mm was given heat treatment 
to improve the material properties, especially violence. 
The heat treatment carried out was quenching (tempera-
ture 800 ˚C with a holding of 15 minutes and tempering 
(quenching temperature 800 ˚C with holding 15 minutes 
followed by heating 150 ˚C with 45 minutes holding).
Figure 13 shows the difference in quenching heat 
treatment at different bending that is 55mm and 60mm 
changes in structure. The microstructure formed in the 
quenching heat treatment of austenite and martensitic 
structures Figure 13 (b) the shape of austenite is large 
compared to fi gure 13 (a) so that it will affect the percent-
age of martensite bending treatment 55mm (fi g. 13 a) the 
percentage of martensite is greater so that the vickers 
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hardness value has a greater value than 60mm bending 
treatment. This is because the bending treatment 55mm 
before the treatment has a solid structure in the bending 
area so that when quenching heat treatment more mar-
tensitic structures are formed and the structure is denser 
than 60mm bending treatment. Therefore, after quench-
ing treatment the value of Vickers bending hardness is 
55mm higher than 60mm bending (fi g. 15).
Figure 14 is microstructure morphology after quench-
ing-tempering heat treatment. In this fi gure the martensite 
structure is formed fi ner and denser than quenching heat 
treatment. By comparing fi gure. 13 and fi gure. 14, that 
the martensite structure is formed more and fi ner. This 
is because in the quenching process, tempering occurs 
again after quenching treatment. This reheating aims to 
give time to phase changes in the martensite structure 
to be more evenly distributed. This reexamine fi gure 12 
that the cooling process using aqueous media will form 
austenite and martensite but with extreme cooling like 
this the formed structure looks rough and uneven so that 
reheating is carried out under austenizing temperature 

Figure 11: Hardness Vickers HRP Steel Bending 55mm and 60mm

Fig.12 (a) Time Temperature Transformation  (b) Diagram of Continuous Cooling Temperature

to give time to improve the structure formed by treatment 
heat with austenizing temperature. Because the holding 
time in quenching - tempering is longer so the process of 
forming martensite structures is more perfect.
With this change in martensitic structure in quenching - 
tempering it will signifi cantly affect the hardness value 
of the vickers material. It is evident in Figures 14 and 
15 that, quenching-tempering heat treatment has a high-
er hardness value than quenching heat treatment and 
without heat treatment. From the results of this study it 
can be concluded that the heat treatment of HRP Steel 
affects the shape of microstructure. So that with changes 
in the micro structure that occurs, the value of violence 
will change.

CONCLUSION

From the results of the morphological analysis, it can be 
concluded that the bending radius and heat treatment of 
the material affect the microstructure which formed the 
material so that the vickers material hardness values will 
increase. Seeing the results of the present research, a 
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bending radius that can be used is a 55 mm bending ra-
dius with quenching-tempering heat treatment. Because 
this treatment has a more dense and smooth martensite 
structure, so the value of violence will be higher than oth-
er treatments that have been done in this study.
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