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Overview of Academic Dissertation

Improvement of surface characteristics of carbon and stainless
steels by vacuum carburization

Yoshihiro Inoue

This thesis is a research paper regarding the improvement of surface characteristics of
steel materials by vacuum carburization. The objective of this research is the effective

utilization of advanced vacuum carburization furnace system.

Chapter 1: “Introduction” Research background, objectives, and methodology were

discussed.

Chapter 2: “The structure of the vacuum carburization furnace and the operational
factors” Performance of the advanced vacuum carburization furnace was examined.
Heat distribution inside the furnace was maintained within the range of 10K of the
set temperature in the area of 750 mmW x 1200mmL x 700mmH. Vacuum ventilation
rate was kept under 65Pa during the duration of 30 minutes. Based on the test
operation outcome, the following improvements were implemented.

1) Increased the number of vacuum carburizing nozzles from two to sixteen.

2) Vacuum carburizing gas was changed from Super Gas to C2Hz.

Chapter 3: “Research on the vacuum carburization of SCr420H Steel”

(1) Vacuum carburization occurs in the following processes.
1) Adsorption of the CzHz gas onto the steel surface results in the precipitation
of graphite.
2) Reaction between graphite and steel formulates cementite. The formation of
the cementite layer takes 10 minutes of carburizing.
3) A compound layer rich of cementite is formed. The amount of cementite in the
compound is approximately 50%.
4) The compound layer serves as a source of carbon supply during the
carburization.

(2) The vacuum carburizing effect was analyzed using the Process Rate (Theory); the

following outcomes were obtained.



1) The vacuum carburization rate was approximately three times faster than the
conventional gas carburization rate.
2) A diffusion coefficient in the vacuum carburizing process was figured out
empirically.
3) Realized the estimation of the carbon density distribution by a calculation
using the diffusion coefficient.
(3) CD (Carbide Dispersion) carburizing technology was researched. The cementite
spheroidizing method was established. Created a CD carburized structure containing
v R (it was named “the compound CD carburized structure”).
(4) The test pieces were created based on the data set collected in the preliminary phase
of the research. The test pieces were examined for its characteristics and mechanical
property. In the endurance test for the compound CD carburized test strip, durability
was measured as 3333MPa, which was 142 % of the gas carburized material. This

improved durability of the CD compound carburized structure is due to the effect of y &.

Chapter 4: “Research on the vacuum carburization of stainless steels” : The vacuum
carburization technology realizes the carburization of stainless steels. Austenitic,
Ferritic, and Dual-phase stainless steels were vacuum carburized, and the following
outcomes were obtained.
1) Dual-phase stainless steel (SUS329J3L steel) had the highest carbon density on
the surface layer. The carbon composition was approximately 9mass%.
2) In all types of stainless steels examined, high precipitation of Cr7Cs carbide was
observed in the carburized layer.
3) The hardness increased in accordance with the rise of carbide amount in
SUS304 steel (Austenitic) and SUS329J3L steel. In SUS 444 steel (Ferritic), a
marked improvement in the hardness and the depth of treatment area was
1dentified; this was induced by a combined effect of a Cr carbide precipitation
hardening and a hardening due to the martensitic reaction of the matrix.
4) Abrasion resistance improves in general secondary to the carburization
treatment; SUS329J3L showed the highest abrasion resistance level of the three
types of stainless steels examined.
5) Because of the hardness of the carbide formulated in the carburizing process,
abrasion resistance improves. Basin effect among carbide products contributes to

the enhancement in lubrication friction abrasion characteristics.

Chapter 5: “Application of the vacuum carburization treatment to the industrial
mechanical parts” : applied the vacuum carburization to the following industrial

mechanical parts; hemispherical shoe for auto air-conditioner, linear guide bearing
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parts, automotive screw shaft, powder-sintered gear , and martensitic stainless steel
linear guide part. Characteristics of the vacuum carburization were examined using

industrial mechanical parts.

Chapter 6: “Practical utilization of the vacuum carburization” the following problems
were identified regarding the application of the technology in prototyping and mass
production of industrial mechanical parts.
1) roller-pitching strength was significantly affected when there was a cementite
mass in the carburized layer.
2) DEG steel specifically designed for the vacuum carburization has a limited
cementite precipitation in comparison to SCr420H steel.
3) Effectiveness of the anti-carburizer was confirmed in the vacuum carburization
as well.
4) Calorizing treatment or Almer processing can double the life of quenching

tools.

Chapter 7: “Conclusion” the research outcomes were summarized in this chapter as a
conclusion. Further research questions / gaps and future implications were also

discussed.
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