199

Received: Aug 07,2017
Accepted: Sep 25,2017
DOI 10.1515/rmzmag-2017-0019

Original scientific paper

The effect of protective atmosphere on decarburisation
of the heat-treated surface of steel

Vpliv zascCitne atmosfere na razogljicenje povrsine
poboljSanega jekla

Marica Prijanovi¢ Tonkovic¢'*, Miha Knez>

'Visja strokovna $ola Strojnistvo, Novo mesto, Slovenia

2Kovikor inZeniring, trgovina in posrednistvo, d. o. 0., Dvor 21b, Smartno pri Litiji, Slovenia
*marica.prijanovic-tonkovic@guest.arnes.si

Abstract

In heat-treating furnaces, many different types of pro-
tective atmospheres are used. This article researches
the effect of protective atmospheres on the quality of
the surface layer of bolts during the process of heat-
ing to reach the temperature of hardening. For this
research, we produced specimens that were annealed
in the furnace with two different types of protective
atmosphere, i.e. in atmospheres of endothermic gas
and nitrogen. After hardening and tempering, we mea-
sured the hardness of the specimens and investigated
the microstructure. We measured the hardness profile
from the surface to the inside of the product. We found
that the hardness of the surface of the tested product
was lower while using protective atmosphere of nitro-
gen due to the occurrence of ferrite. The depth of the
decarburised layer in this atmosphere reached up to
70 mm, where predominantly there was a microstruc-
ture of ferrite on the surface, and then, with depth, an
increasingly mixed microstructure of ferrite and mar-
tensite was found. The depth of the decarburised lay-
er for sample treated in endothermic gas was minimal
(i.e. 10 mm) on the surface.
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Izvlecek

V peceh za toplotno obdelavo se uporablja razli¢ne
zasc¢itne atmosfere. V ¢lanku smo preiskovali vpliv za-
S¢itne atmosfere na kakovost povrSinske plasti vijaka
med procesom segrevanja na temperaturo kaljenja.
Za preiskavo smo izdelali preizkusance, ki so se zarili
v peCi z dvema razli¢cnima zas¢itnima atmosferama, tj.
v atmosferi endoplina in dusika. Po kaljenju in popusca-
nju smo na preizkuSancih izmerili trdoto in pregledali
mikrostrukturo. Trdoto smo merili od povrsSine izdelka
v notranjost. Ugotovili smo, da je trdota na povrsini pre-
izkuSanega izdelka niZja v primeru uporabe za$c¢itne at-
mosfere dusika, zaradi pojava ferita. Globina razogljice-
ne plasti v tej atmosferi sega do 70 mm, kjer na povrsini
prevladuje mikrostruktura ferita, nato pa se z globino
povecCuje mesSana feritno-martenzitna mikrostruktura.
Globina razogljicene plasti v endoplinu je na povrsini
minimalna in znasa 10 mm.

Klju¢ne besede: toplotna obdelava, zas¢itna atmosfe-
ra, razogljicenje, endoplin, dusik, mikrostruktura
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Introduction

During heat treatment, the microstructure of
metals and alloys gets changed due to different
types of processes such as heating, holding at
certain temperatures and cooling, and as a re-
sult, the physical and chemical characteristics
also get altered. The atmosphere in furnaces
plays a key role in this procedure. It can be ox-
idising, neutral or reducing, which depends on
the heat treatment method [1-3]. During the
heat treatment, especially during hardening,
steel gets heated at the hardening temperature.
During this time, there is a huge possibility of
unwanted oxidation. This is why different gas-
es that prevent the oxidation process are put
in. These protective gases are methane, ethane,
propane, argon, hydrogen, helium, or nitrogen,
or alternatively, vacuum is used [4,5]. Using a
protective atmosphere prevents oxidation and
decarburisation of the surface or diffusion of
some elements into the product surface [6,7].
Protective coatings also contribute to addi-
tional protection against oxidising and decar-
burisation of steel [8]. For high-quality heat
treatment, electrical and gas furnaces with
controlled protective atmospheres are used,
especially in cases where we supply either a
mixture of gases prepared beforehand or pure
gases that are mixed in the furnaces. In this ar-
ticle, we studied the effect of the protective gas
that is supplied into the furnace during the heat
treatment on the microstructure and hardness
of bolts made of steel coded 1.5510 by standard
SIST EN 10027-2. The reason for conducting
this research was the frequent occurrence of
reduced hardness after heat treatment on the
surface of the product.

Distance bolt is a product used for mounting in
the automotive industry. If we want to produce
pieces for the demanding automotive industry,
it is necessary that the company obtain stan-
dard ISO/TS 16949 [9]. This standard deter-
mines the system of controlling the quality for
development, design, manufacturing, mounting
and service of automotive products. This way,
the car manufacturers ensure control over the
smallest piece that is mounted into the vehicle.
This is also true for the bolt because factors
such as where it is made, the type of material,
its dimensions, hardness and plating depos-
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it are all important. The main goals of our re-

search were as follows:

— Determining the depth of decarburisation in
specimens tempered in an atmosphere of en-
dothermic gas;

— determining the depth of decarburisation in
specimens tempered in an atmosphere of ni-
trogen; and

— selecting a suitable gas for the production
process.

Materials and methods

To determine the effect of different protective
gases on the quality of the surface during the
process of heating to the hardening tempera-
ture of steel coded 1.5510, we prepared two
types of protective atmospheres. Thus, we heat-
ed the products in atmospheres of

— endothermic gas (i.e. mixture of air and pure

propane in the ratio of 6.4: 0.8) and
— nitrogen.

For specimens that were heated in the atmo-
sphere of endothermic gas, the dew point tem-
perature was 11.2°C, and the content of carbon
in the endothermic gas at a temperature of the
generator equalling 900°C was 0.31%. We car-
ried out tests in electric resistance furnace type
Safed T40 (Figure 1a). We transferred purified
products, or rather bolts, in the heated-up fur-
nace. The temperature in the furnace was 830°C
in the first zone and in the other three zones, it
was 870 % 5°C. The duration of holding the tem-
perature of hardening was 10 minutes. Then,
we hardened the bolts in mineral oil Isomax
169 [10,11] at a temperature of 55 * 5°C. After
the hardening process, heat treatment was car-
ried out in a Safed 6/10 furnace at a tempera-
ture of 510°C. The duration of annealing was
60 minutes. This was followed by preparation
of the specimens for metallographic and hard-
ness measurements. We measured the hard-
ness based on Rockwell (Figure 1b) and later
on Vickers. We examined the specimens using
light and electronic microscopes.
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Figure 1: a) Hardening furnace Safed T40; b) hardness tester HR 150A.

a)

Figure 2: a) Bolt heated in nitrogen; b) bolt heated in endothermic gas.

Table 1: Results of hardness measurements from the edge of the specimen to the inside

Hardness, HV
Protective atmosphere
2 3 4 5 6 7 8 9
Nitrogen 2164 357.1 3885 3933 3909 3885 382.0 389.6 4134
Endothermic gas 347.2 368.7 4259 4079 4016 4318 4104 - -

Results

In this research, we studied the effect of the
protective atmosphere present in the harden-
ing furnace on the occurrence of surface decar-
burisation of the distance bolt. We carried out
tests in two different protective atmospheres.
Chemical analysis of steel yielded the follow-
ing composition: 0.27% C; 0.8% Si; 0.9% Mn;
0.01% S; 0.01% P in 0.17% Cr. We heated the
specimens in nitrogen atmosphere and in en-
dothermic gas. To determine the decarburised
surface, we used many methods with which we
tested the quality of the surface.

Thus, we first measured the hardness based on
the Rockwell method. The average hardness
values of five bolts that were heated in the pro-
tective atmospheres of nitrogen and endother-
mic gas were 36.67 HRC and 38.44 HRC, respec-
tively. Figure 2a and 2b shows the bolts before
the metallographic tests.

We cut the bolts and prepared them for ex-
amination under the microscope. Then, mea-
surement of hardness using the Vickers HV 0.3
method was carried out. The results of these
measurements are shown in Table 1. Measure-
ments were carried out using the testing ma-
chine manufactured by Zeiss.

The effect of protective atmosphere on decarburisation of the heat-treated surface of steel
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Figure 3: Hardness measurement points in the cross-sections of specimens heated in an atmosphere of a) nitrogen and
b) endothermic gas.
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Figure 5: Microstructure of the specimen annealed in
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Figure 4: Hardness values after the cross-sectioning of

specimens annealed in a) nitrogen and b) endothermic gas.
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Figure 6: Measurements of the depth of decarburisation of sample annealed in nitrogen atmosphere.
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Figure 7: Microstructure of the specimen heated in
endothermic gas.
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Figure 9: The depth of the decarburised layer.
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The results of these measurements show that
the values for hardness on the surface of the
specimen heated in the atmosphere of nitro-
gen were much lower than the hardness val-
ues obtained in endothermic gas. At the same
time, it is evident that hardness increases with
the depth of the heat-treated steel. Figure 3a
shows the measurement points of hardness in
specimens annealed in a protective atmosphere
of nitrogen, and Figure 3b shows those in spec-
imens annealed in a protective atmosphere
of endothermic gas. Because of the different
depths of the decarburised layers, the points of
measurements are different.

Figure 4 shows the graph of the hardness val-
ues measured from the surface to the centre
of the bolt. The figure makes it evident that
the hardness of the bolt was the lowest on the
surface (measurement 1) and increased as the
measurement point went deeper. The mea-
sured hardness values were lower in the case of
samples treated in nitrogen atmosphere.

Figure 8: Measurements of the depth of decarburisation of sample annealed in endothermic gas.

Figure 5 shows the microstructure of the spec-
imen heated in nitrogen atmosphere, and Fig-
ure 6 shows the depth measurements of the de-
carburised layer of bolt heated in a protective
atmosphere of nitrogen. The maximum depth
of decarbutisation was 53 mm. In the decar-
burised layer, light grains of ferrite were found.
Figure 7 shows the microstructure of the speci-
men heated in endothermic gas, while Figure 8
shows the depth of the decarburised layer of
bolt heated in the protective atmosphere of en-
dothermic gas. The maximum measured depth
of decarburisation was 11 mm. There was a
light, thin layer of ferrite visible on the surface.
Based on the measurements of the ferritic lay-
er’s depth, we drew a diagram (Figure 9), from
which it is visible how deep from the surface
the ferrite runs, which is a sign of decarburi-
sation. Thus, the depth of the decarburisation
layer is larger when heating the bolt in a protec-
tive atmosphere of nitrogen than when heating
in endothermic gas.

The effect of protective atmosphere on decarburisation of the heat-treated surface of steel
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Conclusion

In this research, we studied the decarburisation
of the surface of the bolt heated in a protective
atmosphere and that then undergoes harden-
ing and tempering. The goal of this work was
to determine which gases help in achieving a
smaller decarburised layer.

We carried out the research using two gases
that are frequently used in the production pro-
cess, namely, nitrogen and endothermic gas. We
measured the hardness of the test specimens
and arrived at the microstructure. Hardness
measurements of the specimens made for me-
tallographic examination make it evident that
the hardness of the surface when heated in the
atmosphere of nitrogen is smaller than that in
the case of heating in endothermic gas.

How deep the decarburised layer goes was de-
termined by metallographic testing. During the
testing, we came to the conclusion that decar-
burisation is more intense and runs deeper on
specimens that were heat-treated in the pro-
tective atmosphere of nitrogen than in those
treated in the protective atmosphere of endo-
thermic gas. Thus, specimens annealed in nitro-
gen atmosphere had a decarburised layer with
the depth of 70 mm, with the microstructure of
ferrite prevailing at the beginning and later, a
mixed microstructure of ferrite and martensite.
In specimens that were heat-treated in endo-
thermic gas, decarburisation on the surface was
minimal and only reached a depth of 10 mm.
Based on the results obtained, we can conclude
that the protective atmosphere of endothermic
gas offers better protection against decarburisa-
tion of the bolt than the protective atmosphere
of nitrogen. The most suitable evaluation of the
decarburised layer is through determination of
a metallographic profile.
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