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ABSTRACT 

In this paper, studies on the decomposition of Vietnamese gas in a carburizing media are presented. The 

research results show the formation of a carburizing media when using a mixture of gas, nitrogen and CO2. In 

addition, the paper presents the research results on the influence of the gas/CO2 ratio, gas retention time on the 

formation of a carbon in permeable medium. Experimental results with a Gas/CO2 ratio of 2 and a retention time 

of 18 minutes show the formation of a carburizing layer in 20CrMo steel; The effective permeable depth layer is 

680µm. 
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INTRODUCTION 

Carburizing is a very important technology in the machine building industry, often applied to details such as: 

gears of gear box, shafts, pins, connecting rods, etc. It is a heat treatment method that increase the carbon 

content on the surface of steel parts [1-6]. The decomposition process can be considered as a series of chemical 

reactions of gases, occurring in a carburizing media. The gas decomposition process depends mainly on the 

media temperature and occurs very quickly, creating a permeable medium with a stable gas composition. In 

carburizing technology, the permeable medium is formed mainly from a mixture of CO, CO2, H2, N2 and a very 

small amount of water vapor [4, 5, 7-11]. When equilibrium is achieved, the gas mixture includes: C3H8, C4H10, 

CmH2m (very little), CO2, N2, CO, C, H2O, H2. Due to the stirring, on the surface of the steel, the same reactions 

occur as in the medium, but on the surface, only the reactions that create activated carbon are considered to 

diffuse into the steel [1, 4, 5, 7, 12, 13]: 

 

Figure 1. Diagram of carburizing medium 
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Today, the most common gas used for carburizing are Endo gas, natural gas (CH4), and liquefied petroleum gas 

(Methanol and Toluene). However, these gases need to be processed before they can be used for permeation 

devices. Gas is a fairly common fuel. Gas has a very high carbon content, so it can be used as a good for 

carburizing process. Besides, gas has a low cost, so it can reduce production costs. But with gas, controlling the 

composition and mixing ratio with other gases in order to achieve good results is a problem [1,3,9,12, 14-16]. 

This paper presents the research results on the formation and decomposition of industrial gas in a carburizing 

environment. The issues that are focused on are the decomposition and formation of permeable medium as well 

as some factors affecting the decomposition process such as gas/CO2 ratio and gas retention time in permeable 

medium 

Experimental and research methods 

The absorbent is a mixture of Vietnamese gas, the oxygen carrier gas is CO2 and the filler gas is nitrogen. The 

carburizing temperature is 920oC. Gas composition measuring device is used with a hydrogen sensor from 

Stange. 

Table 1. The chemical composition of steel 

Steel %C %Si %Mn %Cr %Mo %Ni %S %P 

20CrMo 0,184 0,167 0,777 1,030 0,158 0,029 0,026 0,016 

After carburizing and quenching, the microstructure and hardness of the permeable sample was analyzed by an 

optical microscope Axiovert 25A and Struers Duramin-2 hardness tester. 

RESULTS AND DISCUSSIONS 

Formation of permeable medium 

Gas decomposition in permeable medium occurs according to two basic reactions: 

C3,5H9 + CO2 => CO + H2                                                                                              (1) 

C3,5H9  => C + H2                                                                                 (2) 

While reaction (1) produces the gases necessary for carburizing, reaction (2) produces carbon soot in the 

permeation chamber. This is an undesirable reaction in the carburizing process. Therefore, adjusting the 

parameters of the gas entering the furnace such as: gas retention time, gas/CO2 ratio and appropriate temperature 

will contribute to limiting carbon soot in the infiltration process. From there, it is possible to control the 

formation of a carburizing medium. The results of gas composition analysis in the permeable medium at 920oC 

are shown in Table 2. The results of the analysis of the flue gas show that, at a temperature of 920oC, for all the 

different permeability modes, the gas mixture in the furnace consists of CO, H2, CO2, N2 and a small amount of 

residual hydrogen carbide (about 0.1 -0.2%). 

Table 2. The composition of carburizing media 

Gas/CO2 
Composition 

H2 N2 CO CO2 CxHy 

M 1-1.5-12 34.82 27.82 36.82 0.38 0.16 

M 1-1.5-14 35.78 30.12 33.72 0.25 0.13 

M 1-1.5-18 38.89 23.73 37.14 0.14 0.1 

M 1-2-12 32.01 30.98 36.12 0.75 0.14 

M 1-2-14 33.28 27.89 38.25 0.49 0.09 

M 1-2-18 36.89 30.52 32.11 0.42 0.06 

M 1-2.5-12 30.00 29.68 39.78 0.42 0.12 

M 1-2.5-14 31.40 28.28 39.77 0.46 0.09 

M 1-2.5-18 28.13 32.95 38.00 0.75 0.17 
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When using liquefied petroleum gas for carburizing process, the gas composition in the furnace is 

fundamentally different from the common Endo gases (CO<23%) and methanol (H>40%). While the remaining 

amount of CO2 is small (0.3-0.4%), the amount of N2 is stable and fluctuates in the range (28-32%). However, 

with a short retention time (12 - 14 minutes), the amount of unreacted CO2 increased slightly. However, the 

carbon potential depends on the p2CO/pCO2 ratio, the amount of unreacted CO2 will significantly affect the 

carbon potential. 

Effect of retention time on CO and H2 composition in permeable medium 

The influence of gas retention time on the gas composition in the furnace is shown in Figures 2, 3, and 4. 

 

Figure 2. Relationship between composition and time with ratio CO2 = 1 : 1,5 

 

Figure 3. Relationship between composition and time with ratio Gas/ CO2 = 1 : 2 
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Figure 4. Relationship between composition and time with ratio Gas/ CO2 = 1 : 2.5 

It can be seen that, when increasing the gas flow time, with all the different rates of gas entering the furnace, the 

H2 content tends to increase slightly. However, with the initial gas composition unchanged, the amount of H2 of 

the furnace gas should be unchanged because the only source of H2 generation in the furnace is from Gas. 

Therefore, the cause of the change in H2 content with different retention times may be due to the reaction of H2 

with CO2 to produce H2O according to the reaction (3): 

H2 + CO2  → CO + H2O                                                                                                                        (3) 

As the retention time increases, it is possible that the reaction (3) is less likely, so the amount of H2 participating 

in the reaction is less, so the amount of H2 tends to increase. The change in CO concentration is more 

complicated. When increasing the retention time, for the gas/CO2 ratio of 1/1.5, the amount of CO changes little 

while decreasing for the 1/2 ratio. It is possible that when the retention time is longer, the amount of gas 

generated by the reactions in the permeation furnace increases, so the composition of CO was decreases. 

Effect of gas/CO2 ratio on CO and H2 composition in permeable media 

 

Figure 5. Relationship between composition and ratio Gas/CO2 with time 12 min 
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Figure 6. Relationship between composition and ratio Gas/CO2 with time 14 min 

Compared with the effect of retention time, the role of gas/CO2 ratio is more obvious. When the Gas/CO2 ratio 

decreases, the H2 component will decrease. However, the CO content changed in the opposite direction (Figures 

5, 6). The reason is that when reducing the Gas/CO2 ratio, the amount of gas put into the furnace is small, so the 

amount of H2 produced decreases. At the same time, reaction was created CO, is the main reaction in the 

furnace, so almost all the CO2 will be converted into CO, so the amount of CO in the furnace will increase. 

Microstructure and hardness 

 

Figure 7. Microstructure of 20CrMo steel after carburizing and quenching (x500) 

After carburizing process and quenching, the microstructure get martensite and residual austenite (light color). 

At the surface of sample, because the amount of carbon in surface is higher than in the core, there is more 

residual austenite in the core. The residual austenite content in the surface layer is about 21%. 

 

Surface permeable 

layer 
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Table 3. The hardness of sample 

Distance from surface [µm] HV 

20 780 

50 844 

100 832 

150 776 

200 757 

250 705 

300 696 

350 652 

400 627 

450 597 

500 594 

550 577 

600 554 

700 486 

800 440 

 

 

Figure 8. Micro-hardness of carburizing layer from surface 

Looking at the hardness distribution of the permeable layer shows that: on the surface, a few tens of µm from 

the surface, the hardness is lower the cause is more residual austenite. The hardness distribution in the 

permeable layer is uniform. The effective permeability layer thickness is about 680 µm (0.68mm). 
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CONCLUSIONS 

The gas composition in furnace has been analyzed. The results show that the amount of hydrogen carbide gas 

remaining in the permeable medium is very small. Therefore, the amount of gas introduced has been 

decomposed almost completely. At the temperature of 920oC, the gas composition in the furnace depends 

mainly on the retention time and the proportion of gas in the initial gas mixture. The changes in H2 and CO is 

relatively clear in the opposite direction. As the retention time increases, the H2 composition increases while the 

CO decrease similar to the increase in the Gas/CO2 ratio. When increasing retention time or Gas/CO2 ratio, the 

carbon potential increases due to the decreasing amount of CO in the system. 
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