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Abstract : We analyzed the factors affecting the gas carburizing microstructure of parts for constant velocity
joints. Gas carburizing 0.15-0.20C1.13-1.14Cr chromium alloy steel used in automobile drive units is
characterized by changing the properties of the carburizing layer in the depth direction.

The experimental conditions were set to enable field application. The components of the specimen to be
used for gas carburization were analyzed by X-ray fluorescence. Changes in the mechanical properties of the
carburized layer were analyzed by micro-hardness, microstructure, and carburizing content. The gas
carburization cycle was selected based on the simulation results. The characteristics change before and after
carburization of two samples with different carbon and chromium content were analyzed.

The carburization temperature that can be used for manufacturing automaobile parts was 930°C, the carbon
potential required for carburization was 0.90wt%, and the carbon potential required for diffusion was 0.75wt%.
The inner and outer hardness values of the carburized layer satisfying the effective hardening depth of 550Hv
were 400Hv-740Hv. In the case of 0.20C alloy steel, the effective hardening depth with a carburizing amount of
0.36wt% and a hardness of 550Hv was 1.467 mm. also in the case of 0.15C steel, its effective hardening depth
was 0.746 mm. The simulation results for selecting the carburizing heat treatment conditions and the carbon
change in the carburizing layer showed a similar trend. The carburizing structure related to hardness change was
martensite. As a result of EPMA, SEM, and XRD analysis, the amount of carburized and the amount of
martensite structure correlated, and the martensite increased as the amount of carburized increasing. As a result
of EPMA analysis, the smaller the carburizing content the greater the depth of carburization.

We intend to proceed with optimization conditions for mass production in connection with wear resistance
and fatigue. It is expected that these results will contribute to the improvement of durability of automobile
driving parts.

Keywords: Automobile Drive Units, Chromium Alloy Steel, Carburized Layer, Martensite, Hardening depth,
Carbon potential.

1. Introduction

Low carbon chromium alloy steel is used as the material in the automobile drive units. Economical
carburizing method should be able to massive production in a short time. In order to carburize auto parts in large
scale, it is necessary to optimize the processing conditions. Automotive constant velocity joints consist of outer
race, inner race, cage and ball. The inner race and cage used as a part of the power transmission device can be
easily destroyed, so that the wear resistance and hardness according to the depth of carburization must be high
through transformation of the metal structure. Gas carburization is a heat treatment method that is mainly used
to improve mechanical properties by improving the impact resistance and increasing the hardness of the surface,
thereby providing excellent wear resistance and low internal hardness[1,2]. Gas carburizing has many
advantages over solid carburizing and is very suitable for mass production. When carburizing, the temperature is
adjusted to 850-950°C depending on the carburizing depth. In general, to shorten the carburizing time, the
carbon potential and carburizing temperature can be increased[1]. Carbon potential refers to the carburizing
concentration. If the carbon potential is 0.8%, it means that the carbon concentration can be carburized up to
0.8%. Conversely, when the carbon potential is set to 0.5%, even in the case of 0.8% C steel, decarburization
may reduce the carbon of the steel surface to 0.5%. This means that the amount of carburization on the steel
surface can be determined according to the carbon potential. If the carbon potential is set too high, soot may
occur in the furnace. However, soot can occur in the furnace or damage the structure of the furnace.
Occasionally, carbides on the surface of the alloy steel or residual austenite may increase[3,4]. Therefore, in this
study, the effects of changes in carburization conditions on the properties of the carburization layer are analyzed
from hardness and microstructure.
2. Experimental Methods
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2.1. Chromium alloy steel analysis

Cold-forged chromium alloy steel was used for the carburizing specimen. The chemical composition of the
specimen was qualitatively and quantitatively analyzed by unknown elements using X-ray Fluorescence
analyzer (Brucker, WD-XRF Tiger). Two types of chromium alloy steel for specimens were used as shown in
Table 1.

The inner race (SCR-420H)and cage(SCR-415H) for the constant velocity joint used for carburizing are
shown in Figure 1.

Table 1. Chemical composition of chromium alloy steels

Specimens(wt%)
Elements
SCR-415H SCR-420H
c 0.150 0.200
Cr 1.130 1.140
Mn 0.840 0.830
Si 0.240 0.250
P 0.013 0.014
S 0.008 0.007
Ni 0.060 0.060

Lock

Housing Cage  oois Boot

Figure 1. Schematic diagram of the inner race and cage for constant velocity joint

2.2. Gas carburization

In order to use it as an automobile part, the hardness value and carburization depth are required for vehicle
life, so the simulated results are reflected in the heat treatment conditions[5]. For the SCR-420H specimen, the
carbon potential was maintained 0.9 wt% for 10 hr at 930° C. to infiltrate the surface with carbon. 2.5 liter per
minute of propane (CsHs) gas was injected into the heat treatment furnace. RX-Gas was maintained at 350m3/hr
until carbon diffusion. The carbon potential was kept constant so that the carbon was evenly carburized in the
specimen. And for carbon diffusion, a carbon potential of 0.75wt% was maintained for 3hr at 930° C. To prevent
specimen deformation and micro-structuring, it was quenched at 840°C for 30 minutes, and then oil cooled at
130°C. For the SCR-415H specimen, The carburization temperature was 930°C, the carbon potential was
0.9wt% and the carburization time was hold 3 hr. Propane gas was injected at 3 {/min, and RX-Gas was
maintained at 350 m3/hr until carbon diffusion. The carbon potential of 0.75 wt% was maintained for 1 hr at a
temperature of 930° C. for carbon diffusion on the surface. In the carburizing cycle, the carburizing temperature,
carbon diffusion time, carbon potential, and cooling conditions were changed. The carburization cycle curves
for the two chromium alloy steels were as shown in Figure 2.

930°C

W Carburization time:
(a)10hr
(b)3hr

“ Diffusion time :
{a)3hr
(b)1hr

C.P: 0.9wi% C.P: 0.75wi%

Propane gas:
(a)2.5 U/min.

(b)3.0 U/min. Furnace

cooling

(a)840°C
(b)850°C

Oil quenching at 130°C

RX Gas{CFH): 350 [/min.

Figure 2. Carburizing cycle for chromium alloy steels: (a)SCR-420H, (b)SCR-415H
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2.3. Specimens preparation

To observe the effect of composition and carbon on the microstructure of the carburized specimen, it was
collected by cutting vertically from the surface layer in the inner direction. The carburized specimens were cut
and mounted to a size of about 10 mm to facilitate polishing. The two specimens were mounted as shown in
Figure 3 to measure the carburization amount and observe the microstructure. The polishing was polished by
hand using abrasive paper, and in the final step, the surface of the specimen was smoothed at 200 rpm using a 1
pm diamond oil-based paste excellent in polishing with a polishing machine.

Figure 3. Carburized specimens. (a) SCR-415H, (b) SCR-420H

2.4. Hardness analysis

The microhardness was measured on the mounted specimen as shown in Figure 3. The surface hardness of
the two specimens before and after carburization was analyzed using a Rockwell hardness tester. Hardening
depth was analyzed by a micro Vickers hardness tester(VLPAK2000). The measurement of the curing depth was
kept constant at a load of 300kgf and a load time of 10 sec in the depth direction from the surface. Since the
measurement error may occur if the indentation interval is close, the measurement was performed by the zigzag
(W) method.

2.5. Microstructure analysis

Nital solution was used as an etchant for microstructure observation and carburized layer analysis. The
microstructure observed the surface and deep structures, and observed x 200 and x 500 with an optical
microscope (OM, Olympus BX51), and x 2,000, x 5,000 and x 10,000 with a scanning electron microscope
(SEM, Hitach S-3000H). The cross-sectional structure of the carburized layer was observed by SEM, and the
relationship between carburization depth and hardness, carburization amount and hardness, microstructure
transformation was analyzed. The main observations were made to analyze carburization uniformity, surface
abnormality layer formation, structure transformation on hardness by carburization depth, grain boundary oxide
formation, change in carbon amount and relationship with hardness. Crystal phase analysis before and after
carburization was measured in a range of 20 to 80 degrees under CuKa radiation, 40 kV, 300 mA, and 5 deg/min.
using a high-power X-ray diffractometer (Bruker corperation, D8 ADVANCE). XRD intensity was indexed
using a JCPDS card. To precisely analyze elemental components from the surface of the carburized specimen to
the inside[6,7].

EPMA (Electron Probe Micro-Analyzer) was used. The WDS (Wavelength dispersive X-ray spectrometer)
spectroscopy system is a system using a single crystal spectroscopy system, and the resolution is determined by
the flatness of the specimen and the slit size of the sensing device. The system also uses X-ray wavelength,
proportional to the number of electrons focused on the anode, and can measure up to 105 per second. In this
study, since the peak width of the X-ray spectrum was narrow, it was analyzed using a WDS method suitable for
qualitative and quantitative analysis.

3. Result discussions

The results of simulation with EUROTHERM ( S/W, England, Version 2.0) to set the optimal carburizing
conditions are shown in Figures 4 and 5. The simulation is a result of assuming an effective curing depth of 550
Hv and a carbon composition of 0.36% at a target carburization depth of 0.5 mm at 900-960°C. The temperature
at which a hardening depth that satisfies the automotive parts standard for SCR-420H was suitable at 930°C, the
carbon potential of the carburizing section was 0.9 wt%, and the carbon potential of the diffusion section was
0.75 wt%. also in the case of SCR-415H, It was analyzed that the carbon potential in the carburizing section was
0.9 wt.%, and in the diffusion section was 0.75 wt%][8].
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Figure 4. Simulation result at hardening depth 1.467 mm
(Temp. 930 °C, C/C.P 0.9, D/C.P 0.75, C.T 10hr, D.T 3hr)
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Figure 5. Simulation result at hardening depth 0.746 mm
(Temp. 930 °C, C/C.P 0.9, D/C.P 0.75, C.T 3hr, D.T 1hr)

Figure 6 is showed the relationship between carburization time, carburization depth, and carburization
temperature to obtain hardness values that can be used as constant velocity joint based on simulation results of
the SCR-420H and SCR-415H specimens. It was showed that the most suitable carburizing temperature that
satisfies the curing depths of 1.467 mm (SCR-420H) and 0.746 mm (SCR-415H) is 930°C. As shown in Table 2,
the carburization temperature according to the effective carburization depth of 550Hv, the carburization amount
of 0.36% C, and the carburization depth of 1.467mm was 930°C. Carbon potential is 0.9wt in the carburizing
section. %, 0.75 wt% in the diffusion section[9].
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Figure 6. Carburizing temperature suitable for average carburizing time and carburizing depth of chromium
alloy steel

As shown in Figure 7, the results of measuring the hardening depth (effective hardening depth 550Hy,
0.36% C), it was showed 0.594-0.734 mm at 900 °C. It was found to be 0.725-0.877 mm at 930 °C and 0.869-
0.930 mm at 960 °C. In the case of the SCR-415H specimen, the hardening depth was 0.746 mm under
conditions of an effective hardening depth of 550 Hv and a carburizing amount of 0.36% C required by
automobile manufacturers.

As shown in Figures 8 and 9, the change in hardness of the carburized layer is related to the amount of
carburization and microstructure. The carburized layer was transformed into a martensite structure due to the

penetration of carbon. The hardness of the carburized layer according to the carbon content of the specimen
showed a similar trend[10,11].
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Figure 7. Hardening depth relationship between carburizing temperature and carbon potential( SCR-415H)
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Figure 8. Hardness variation before and after carburization in SCR-415H
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Figure 9. Hardness variation before and after carburization in SCR-420H
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The microstructure before carburization was ferrite and pearlite. The presence of metastable cementite in
the carburized SCR-415H is thought to be attributable to the Cr alloy element, which is a carbide-forming
element.

Table 2 compares the automotive parts standards with the results after carburizing. In the case of SCR-
415H, the micro Vickers hardness value at 0.1 mm from the specimen surface was the highest with 714 Hv, and
at 401 Hv at 1.3 mm from the surface, it was 43.8% lower. In the case of SCR-420H, the carburizing depth was
0.5 mm more carburized, and the effective curing depth was twice higher than that of SCR-415H 0.7 mm. In
both specimens, the degree of carburization and hardness was lowered toward the depth. As a result of
carburizing the two specimens, The reason for the difference of hardness between the inside and the surface
seems to be related to the carbon penetration and diffusion due to gas carburization. The higher the hardness
value, the greater the amount of carburization, and the lower the hardness value, the less the amount of
carburization[11].

Table 2. Standards for automotive parts and carburizing results

Standards for automotive parts Carburized layer
Specimens | carburizing Surface Inside Carburizing Surface Inside
Depth(mm), Hardness Hardness Depth(mm), Hardness Hardness
(Hv513) (HRC) (HRC) (Hv513) (HRC) (HRC)
SCR-
420H 1.3-1.7 58-63 25-45 1.54 61 35
SCR-
415H 0.7-1.0 58-63 25-45 0.83 60 32

Figure 10 shows that after carburizing the SCR-420H specimen, the surface carbon content increased more
rapidly than before carburizing.
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Figure 10. carbon content with carburized depth in SCR-420H before and after carburizing

The carbon content rapidly decreases by 0.3mm on the surface of the carburized sample, and the deeper the
depth of carburization, the lower the carbon content. Figure 11 shows the change of carbon content before and
after carburizing of the SCR-415H specimen. As a result of comparing the carbon content before and after
carburizing for the SCR-415H and SCR-420 specimens, SCR-415H is considered to have a lower carburization
after carburizing because the carbon content of the material is 0.3% wt% lower than SCR-420H. These results
are also likely to be related to carburization and diffusion maintenance time.
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Figure 11. carbon content with carburized depth in SCR-415H before and after carburizing
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As shown in Figure 12 and Figure 13, the two carburized specimens were photographed 2,000 times with a
scanning electron microscope(SEM) and analyzed with EDS(energy dispersive X-ray spectrometer). The carbon
content in the carburized inner layer of SCR-420H was 4.70 wt.%, which was increased by 21% compared to
3.87 wt.% of pre-carburization. As a result of analyzing the scanning electron microscope structure, the raw
materials of SCR-420H and SCR-415H before carburization consisted of ferrite and pearlite structures, but were
transformed into acicular martensite by carburization. It was confirmed that a residual austenite structure was
also present[12].

Si Cr Mnl Fe

B8 e e e e | o o e i e
1 2 3 5 6 7 8 9 10
keV

Figure 12. SEM image and EDS spectrum of carburized inner layer in SCR-420H(X2000)

L T I i e i e B B e e
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Figure 13. SEM image and EDS spectrum of carburized inner layer in SCR-415H(X2000)
As can be seen in Figures 14 and 15, most of the structure was transformed to martensite after carburizing,
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but some residual austenite and ferrite + cementite (FesC) structures remained. Ferrite and pearlite structures
were also present. The reason seems to be due to the influence of the alloying elements Mn and Si. The
carburized structure showed a BCC structure, and was found to be changed to a martensite structure that
contributes to mechanical properties. The BCC crystal structure could be determined by the Miller index, which
indicates the direction of the atomic arrangement or the atomic arrangement.
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(110) 0O Peariite
" 446
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E (210)
z 37.7 (200)
E: (200)
(111) 353
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20 30 4 s e 7 8

Diffraction Angle (28)
Figure 14. XRD spectrum of carburized SCR-420H

As shown in Fig. 16 and Fig. 17, in the EPMA analysis results, Carbon content gradually decreased from
the material surface to the inside. These results tended to coincide with the decrease in hardness values. As a
result of the EPMA analysis of SCR-420H and SCR-415H, the carbon content on the surface is higher than the
its content in the inner direction of the material, so it seems that carbon penetration was better performed near
the surface. In addition, it can be seen that as the carbon diffuses into the material, a concentration gradient
occurs and the amount of carbon content gradually decreases[13].
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Figure 15. XRD spectrum of carburized SCR-415H
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Figure 16. Carbon profile curve of carburized SCR-420H by EPMA

Carbon shows very weak intensity up to 50 um. High peaks occurred after 50 um with a large amount of
carbon carburization, and the intensity was about 800-1000. In addition, as the peak started to decrease from 350
pm in the first step, it was found that the amount of carburization gradually began to decrease. It was confirmed
that the peak decreased as the amount of carburization decreased again near 530 pm. The chromium (Cr) peak
occurred at 65-70 pm near the surface containing a large amount of carbon, and the intensity was about
1450[14].
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Figure 17. Carbon profile curve of carburized SCR-415H by EPMA
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4.  Conclusions

In order to mass produce according to the wear resistance standards of automobile constant velocity joints
parts by applying laboratory results, it is necessary to determine the optimal conditions through simulation and
adjust the parameters during carburization. Especially in mass production, agitation is required to keep the
atmosphere constantly in the furnace, and the carburizing temperature and carbon potential must be accurately
controlled. The hardness gradient of the carburized layer increased as the carbon content of the material
decreased. In order to improve the hardness of the carburized layer, optimization of the conditions of
carburization time, diffusion time, and carbon potential and heat treatment after carburization were required.
The hardness of the carburized layer was changed according to the degree of the amount of martensite structure.
In order to investigate the applicability of the field, we intend to conduct optimization studies on wear resistance
and durability.
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