
International Journal of Engineering Trends and Technology                                               Volume 71 Issue 1, 217-221, January 2023 

ISSN: 2231 – 5381 / https://doi.org/10.14445/22315381/IJETT-V71I1P220                                        © 2023 Seventh Sense Research Group®        
          

                                  This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 

Original Article 

 

Effect of Cr Content on the Heat-Treatment of the Alloy 

for Brake Disc  
 

Gwanhwi Lee1, Kwonhoo Kim2, Jong-Deok Lim2 and Hyun-Jong Kim2 , Je-Pil Wang3* 

 
1Turbo Power Tech CO. LTD, Dasan-ro, Saha-gu, Busan, Korea 

2Department of Metallurgical Engineering, Pukong National University, Busan, Republic of Korea 
3Division of Convergence Materials Engineering, Major of Metallurgical Engineering, Department of Marine Convergence 

Design Engineering(Advanced Materials Engineering), Pukyong National University, Busan, Republic of Korea 

3*Corresponding Author : jpwang@pknu.ac.kr 

 

Received: 19 November 2022               Revised: 14 January 2023              Accepted: 16 January 2023                Published: 24 January 2023 

Abstract - This study was intended to examine the effect of Cr content on heat treatment by adding Fe-Cr alloy to gray cast 

iron GC250. Designed alloys with Cr content of 0.1%, 0.2%, and 0.3% were cast using a high-frequency induction furnace to 

determine the change in physical properties according to the amount of Cr added to the ferroalloy. Normalizing was 

conducted with a box furnace to remove internal stress and control the structure of the ferroalloy, and nitriding heat treatment 

was conducted using an atmosphere box furnace to improve the surface hardness of the designed alloy. It was confirmed that 

the optimal conditions for normalizing are a temperature of 930℃, a time of 8hrs, and an airy atmosphere, and the optimal 

conditions for nitriding heat treatment are a temperature of 560℃, a time of 5hrs, the atmosphere of N2 1.5m3/h, NH3 

15m3/h, CO2 0.3m3/h. As a result of comparing the physical properties of ferroalloy according to the Cr content through the 

above optimal conditions, the designed alloy with a Cr content of 0.1% achieved a tensile strength of 268 MPa and a surface 

hardness of HBW 251. Compared to gray cast iron GC250, the tensile strength increased by about 58% and the surface 

hardness by about 21 %. 

Keywords - Gray cast iron, Alloy iron, Casting, Heat- treatment, Tensile strength, Brinell hardness.

1. Introduction  
With the rapid development of the automobile industry, 

the high power output of engines, high fuel efficiency, and 

weight reduction of vehicles are continuously progressing, 

leading to a continuous increase in traffic accidents. In 

response to this trend, the importance of the automobile 

braking system is rising [1]. The vehicle's braking system is 

composed of disks and pads. It aims to reduce or stop the 

moving speed of the automobile by converting the vehicle's 

kinetic energy into mechanical frictional heat energy with the 

applied high-pressure load [10]. Under normal driving 

conditions, the brake repeats braking and driving, and the 

disk repeats heat generation by friction and heat dissipation 

due to conduction and convection. Most of the kinetic energy 

generated during driving is transferred to the brake disc in 

the form of frictional heat, leading to a sudden increase in the 

temperature in the contact surface between the disc and the 

pad. [1]. 

This temperature increase leads to overheating of the 

disk, promoting thermal deformation of the disk, which in 

turn causes cracks, noise, and vibration that deteriorate 

braking performance. To solve the deterioration of braking 

performance, studies on the method of improving abrasion 

resistance and thermal conductivity, uneven abrasion due to 

residual stress; the development of disc material to reduce 

abnormal vibration of brake and improve durability [3][4], 

the causes of abnormal vibration and solutions; and analysis 

using computer simulations [12] are in progress. Despite of 

these efforts to ensure the stability of the brake with the aim 

of improving the braking performance of the vehicle, 

shortening the stopping distance and extending the use time, 

it is difficult to quantitatively and clearly analyze the causes 

of abnormalities and vibrations of the brake system in actual 

driving. [6][7][14]. 

Most of the mass-produced brake disc materials are 

made of a single material of gray cast iron, with excellent 

heat dissipation performance and durability. Commercial 

brake discs are manufactured by adding various alloying 

elements to prevent thermal deformation, improve braking 

performance, and reduce noise and vibration. Studies on 

improving disc performance by adding Ni, Cr, Mo, and rare 

earth elements are also in progress. 

https://www.internationaljournalssrg.org/
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In this study, gray cast iron used as a material for 

automobile brake discs and Cr, a representative alloying 

element that affects the properties of cast iron (abrasion 

resistance and operability), was melted and cast together, and 

changes in the physical properties of the material according 

to the Cr content were observed. In addition, changes in 

material properties alloying elements according to 

microstructure control were observed by treating the material 

with heat. 

2. Materials  
The microstructure picture, chemical composition, and 

physical properties of gray cast iron GC250 used in this 

study are presented in (Figure 1). For analysis, the raw 

material in the shape of a rod was cut using a high-speed 

cutter and then processed for tensile test, Brinell hardness 

test, and SEM (Scanning Electron Microscope), XRF (X-Ray 

Fluorescence), C /S (Carbon/Sulfur) analysis. As a result of 

the analysis, it was confirmed that 92.99% of Fe, 3.53% of 

C, and 2.69% of Si were present as main elements and trace 

amounts of Mn, S, and P were present in the raw material, 

and that the carbon in the pearlite matrix was a 

microstructure in the form of flake graphite. In addition, as a 

result of testing the physical properties of the raw material, it 

was confirmed that the tensile strength was 169 MPa, and 

Brinell hardness was HBW 207. 

 
Fig. 1 Microstructure picture of gray cast iron GC250 

 

Table 1. Chemical composition and properties of gray cast iron GC250 

XRF 
Tensile Strength 

Element wt.% 

Fe 92.99 
169 MPa 

C 3.53 

Si 2.69 
Brinell Hardness 

Mn 0.64 

S 0.08 
HBW 207 

P 0.07 

3. Experiment Method 
By referring to the composition of ferroalloy Fe-Cr (Fig. 

2), the weight ratio of gray cast iron GC250 and ferroalloy 

Fe-Cr was matched and blended. Then it was melted in an Ar 

atmosphere using a high-frequency induction furnace. A Y-

block with a thickness of 70mm and a length of 230mm was 

cast by tapping the molten metal after mixing the ingredients. 

XRF and C/S analysis were conducted to determine the 

chemical composition of the cast material, and SEM was 

used to observe the microstructure. In addition, a tensile test 

and a Brinell hardness test were conducted to determine the 

physical properties of the cast alloy. In addition, normalizing 

was conducted at 930°C for 8 hrs in an air atmosphere to 

control the microstructure of the cast material and remove 

internal stress. Nitriding heat treatment was conducted at a 

temperature of 560°C for 5 hrs in the atmosphere of N2 1, 

5m3/h, NH3 15m3/h, CO2 0.3m3/h. 

Fig. 2 Full experimental flow chart 

Table 2. Composition of ferroalloy Fe-Cr 

Fe-Cr Composition 

Element % 

Cr 60 min. 

Si 4 max 

C 0.1 max 

S 0.03 max 

P 0.04 ax 

4. Results and Discussion  
4.1. Alloy Designs 

By using a high-frequency induction furnace, gray cast 

iron GC250 and alloy iron Fe-Cr were calculated by the 

weight ratio presented in (Figure 2). and mixed, then melted 

and cast at a temperature of 1600°C for 30 min in an Ar 

atmosphere. To observe the change in physical properties of 

the designed alloy according to the content, Y-blocks with Cr 

content of 0.1%, 0.2%, and 0.3% were cast, respectively. 

XRF and C/S analysis were conducted to determine the 

chemical composition of the cast material, and SEM was 

taken to observe the microstructure of the cast alloy. In 

addition, the Brinell hardness and tensile tests observed the 

change in the physical properties according to the Cr content 

of the designed alloy. 

Cutting Melt & Cast 

Nitrification Normalizing GC 250 + Fe-Cr 

Strength/Hardness 

Measurement 
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                                                                                Table 3. Chemical composition of the cast design alloy                                                                 Unit: wt.% 

 

 
Fig. 3 Physical properties of the designed alloy 

 
Fig. 4 a)Raw material, b) Cr 0.1%, c) Cr 0.2%, d) Cr 0.3% 

 

 
Fig 5. a) Cr 0.1%, b) Cr 0.2%, c) Cr 0.3% - before heat treatment 

             d) Cr 0.1%, e) Cr 0.2%, f) Cr 0.3% - after heat treatment_2h 

 g) Cr 0.1%, h) Cr 0.2%, i) Cr 0.3% - after heat treatment_4h 

 j) Cr 0.1%, k) Cr 0.2%, l) Cr 0.3% - after heat treatment_8h 

Table 4. Physical properties of the designed alloy 

Sample Hardness 
Strength 

Tensile Strength Yield Strength 

Cr 0 194 HBW 157 MPa 125 MPa 

Cr 0.1 231 HBW 219 MPa 182 MPa 

Cr 0.2 226 HBW 190 MPa 128 MPa 

Cr 0.3 220 HBW 166 MPa 128 MPa 

 

The chemical composition analysis results of the cast 

alloy material s for each Cr content were presented in Table 

1. As a result of XRF analysis, the Cr content was measured 

to be 0.096 wt.%, 0.184 wt.%, and 0.289 wt.%, respectively. 

It was confirmed that the target Cr-added alloy was 

manufactured through component analysis. 

The results of the physical property analysis of the 

designed alloy by Cr content are presented in Fig 3. As a 

result of the analysis, it was confirmed that physical 

properties such as surface hardness, tensile strength, and 

yield strength increased with Cr content added compared to 

the raw material. However, as the amount of Cr added 

increased, the physical properties tended to decrease, 

indicating that adding an appropriate amount of Cr in the 

gray cast iron alloy helps improve the properties of the 

designed alloy. 

 

The microstructure of the Y-block after casting was 

observed through an optical microscope (OM), and the 

microstructure pictures were presented in Fig 4. As a result 

of the analysis, pearlite matrix and flake graphite structures 

were observed in the raw material, whereas ferrite matrix and 

flake graphite structures were observed in the structure of the 

designed alloy. It is considered that this change in the matrix 

structure was due to the addition of alloying elements and the 

effect of casting. 
 

4.2. Heat Treatment 

To control the microstructure of the cast-designed alloy 

and remove the internal stress, normalizing was conducted 

using a box furnace at a temperate of 930°C for 

2hrs/4hrs/8hrs in an air atmosphere using a box furnace. The 

microstructure pictures observed using an optical microscope 

(OM) after normalizing are presented in Fig 5. As a result of 

observing the alloy's microstructure, it was confirmed that 

the microstructure did not change in the structure normalized 

for 2hrs and 4hrs, and the matrix structure was pearlized after 

normalizing for 8hrs.  In addition, it was confirmed that the 

Element 

 

Sample 

C Si Mn P S Cr Mo Cu Fe 

Cr 0 3.53 2.68 0.64 0.07 0.08 - - - Bal 

Cr 0.1 3.28 2.7 0.413 0.052 0.053 0.096 0.013 0.027 Bal 

Cr 0.2 3.3 2.73 0.407 0.053 0.053 0.184 0.023 0.03 Bal 

Cr 0.3 3.35 2.75 0.41 0.057 0.051 0.289 0.026 0.033 Bal 
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pearlite structure fraction was formed more densely as the Cr 

content decreased.  
 

4.3. Nitriding Heat Treatment 

The alloy used for the nitriding heat treatment was an 

alloy whose matrix structure had been changed after 

normalizing for 8 hrs. To improve the physical properties of 

the normalized material, nitriding heat treatment was 

conducted using an atmosphere box furnace. Nitriding heat 

treatment was conducted at 560℃, a temperature range in 

which the phase change of the cast iron structure does not 

occur, in an atmosphere of N2 1.5m3/h, NH3 15m3/h, CO2 

0.3m3/h referring to the nitriding atmosphere, which is a 

normal practice. In addition, the material was retained for 5 

hrs to induce sufficient nitride layer formed on the material 

surface. 
 

To observe the material's physical properties change 

after nitriding heat treatment, the Brinell hardness test and 

tensile test were conducted, and the results are presented in 

Fig 7. As a result of the test, it was confirmed that the surface 

hardness of the alloy increased by forming a surface nitride 

layer after nitriding heat treatment. In the case of strength, 

the result was similar to the value obtained by normalizing 

for 8hrs, and the nitriding heat treatment did not affect the 

strength. 
 

 
Fig. 6 Physical properties of the designed alloy after normalizing for 8 

hrs 

 
Fig. 7 Physical properties of the designed alloy after nitriding heat 

treatment 
 

 
Fig. 8 a Changes in tensile strength of the designed alloy  

 
Fig. 8 b Changes in Hardness of the designed alloy 

Fig. 8a & b Changes in physical properties of the designed alloy 

according to the amount of Cr added 

The test results of the change in the designed alloy 

properties according to the amount of Cr added are presented 

in Fig 8. The change in the physical properties of the cast 

alloy after normalizing and after nitriding heat treatment 

were compared. The overall hardness and strength were high 

under the condition of 0.1%, in which the Cr content was the 

least added. Also, in the case of surface hardness and tensile 

strength, normalizing for 8 hrs and nitriding heat treatment 

were conducted. The results confirmed that the surface 

hardness was improved by 21% compared to the existing 

alloy, and the tensile strength was improved by 58% 

compared to the existing allow. In addition, the nitriding heat 

treatment showed a positive effect on the surface hardness of 

the material, and it was confirmed that there was no 

significant effect on the improvement of the strength. In 

some cases, there was a decrease to an extent. 

Table 5. Physical properties of the designed alloy after normalizing 

Sample Hardness 
Strength 

Tensile Strength Yield Strength 

Cr 0 194 HBW 157 MPa 125 MPa 

Cr 0.1 242 HBW 267 MPa 211 MPa 

Cr 0.2 235 HBW 260 MPa 202 MPa 

Cr 0.3 228 HBW 252 MPa 192 MPa 



Gwanhwi Lee et al. / IJETT, 71(1), 217-221, 2023 

 

221 

Table 6. Physical properties of the designed alloy after nitriding heat 

treatment 

Sample Hardness 
Strength 

Tensile Strength Yield Strength 

Cr 0 194 HBW 157 MPa 125 MPa 

Cr 0.1 251 HBW 268 MPa 222 MPa 

Cr 0.2 247 HBW 260 MPa 194 MPa 

Cr 0.3 238 HBW 248 MPa 185 MPa 

 

5. Conclusion  
In this study, a designed alloy was manufactured by 

melting gray cast iron GC250 and ferroalloy Fe-Cr to 

improve the properties of alloy materials for automobile 

brake discs. To improve the physical properties of the 

designed alloy, the optimal process conditions for the amount 

of Cr added and normalizing time was determined, and the 

effect of the nitride layer formed on the material surface was 

examined through nitriding heat treatment.  

As a result of the experiment, it was confirmed that the 

optimal process conditions to improve the material properties 

were at a temperature of 930℃ for 8 hrs with the content of 

0.1%, nitriding heat treatment after normalizing at a 

temperature of 560℃ for 5 hrs in an air atmospheric, and in 

an atmosphere of N2 1.5m3/h, NH3 15m3/ h, CO2, and 

0.3m3/h, where the tensile strength of the designed alloy was 

268 MPa and the surface hardness was HBW 251. 
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