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ABSTRACT

AISI 8640 is one of the most used steel in the manufacturing industry due its wide range of applicability and
properties. The quenching process is commonly applied in parts made of this steel in order to enhance some
properties, such as strength and hardness. Petroleum derived oils are the most common quenchants, however
this kind of quenchant is considered to be non-biodegradable, toxic to the health and environment, as well as,
not renewable. In the present study, canola oil presented the same efficiency than a conventional petroleum
derived oil in the quenching process of AISI 8640 steel billets with diameter of 25.4mm.
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RESUMO

O AISI 8640 é um dos acos mais utilizados na industria de manufatura devido as suas grandes faixas de
aplicabilidade e propriedades. O processo de témpera é comumente aplicado em pecas feitas desse aco com
o objetivo de melhorar suas propriedades, como a resisténcia e a dureza. Oleos derivados de petréleo sdo os
mais comumente utilizados como meio de témpera, porém esse tipo de éleos é considerado como ndo
biodegradavel, toxico para a saide e o ambiente, bem como, ndo renovaveis. No presente estudo, o 6leo de
canola apresentou a mesma eficiéncia que o 6leo convencional derivado de petréleo em um processo de
témpera de tarugos de ago AlSI 8640 com diametro de 25,4 mm.
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1 INTRODUCTION

Steels are widely used on many applications and some of them require heat
treatments in order to achieve the desired properties (CASEIRO; OLIVEIRA; ANDRADE-
CAMPOS, 2011). The steel AlSI 8640 is one of the most used in the manufacturing industry
for production of gears, shafts, crankshafts, pistons, etc. This wide range of applicability is
possible because of its excellent temperability which provides high strengths (SILVEIRA et
al., 2018).

During quenching process, hardenable steels, such as SAE 8640, may suffer dramatic
changes in their microstructure and, consequently, on their properties (BARROQUEIRO et al.,
2016). Martensite is the responsible microstructure for the high-strength hardness and its
formation is obtained by the austenite phase generation followed by a rapid quench in a
quenchant (KRAUSS, 1999). In industrial applications, cold water is the most common
qguenchant, however this practice is associated with brittle tendencies in the steels. An
alternative way to minimize these brittleness problems is the use of petroleum derived oils
as quenchants. In general, the petroleum derived oils are the best options to be used as
qguenchants, once they present lower quench severity values (Grossman hardenability — H),
as well as, lower cooling rates then cold water (SIMENCIO OTERO et al., 2017). As a result of
petroleum derived quenchants use, the quenched steels present lower residual stress, and
consequently the chance of failure during some application also is lower. Despite of the
great performance in steel quenching, petroleum oils are broadly considered to be non-
biodegradable, toxic to the health and environment, as well as, not renewable (EL-KINAWY;
EL-HAMIDI; ABDALLAH, 2013). In this context, vegetable oils are of interest as alternatives to
petroleum oils for industrial oil base stock and fuel use because of various technical
properties, biodegradability and general non-toxicity and therefore are considered to be
“environmentally friendly” (SIMENCIO OTERO et al,, 2017). In addition, vegetable oils are
relatively easier to be produced, as well as, they can be disposed of properly in a better
ecological manner compared to the petroleum derived oils (SMAK; VOTAVA; POLCAR, 2020).

Measurements of heat transfer during quenching, comparing canola and petroleum

derived oils demonstrated that they present different heat extraction dynamic, with faster
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initial reaction for petroleum derived oil and faster cooling rate subsequently for the canola
oil. However, the temperature gradient after 100 s is similar for both oils (MATIJEVIC et al.,
2019). Furthermore, comparing the quenching performance of different vegetable and
mineral oils in the AISI 1045, it was found that canola oil presented the best hardening effect
(PEREZ; FRYE; LLANO, 2019). Similar result was observed for AISI 4340, with soybean and
sunflower oils achieving the same hardenability than mineral oil (BRITO et al., 2019). Some
properties of canola oil and a petroleum-based oil were compared (MATIJEVIC et al., 2019)

and are presented in Table 1.

Table 1 — Physical properties of canola oil and Kalenol 32 (adapted from MATIEVIC et al.,

2019)

Property Canola oil Kalenol 32
Viscosity, 40 °C, mm?/s 35.14 32
Viscosity, 100 °C, mm?/s 8.7 5.4

Density 15 °C, g/mL 0.9201 0.863
Open cup flash point, °C 300 225
Pour point, °C -24 -15

Source: Authors (2020)

In the present study, canola oil and a conventional petroleum derived oil were used
in the quenching process of AlSI 8640 steel samples. Micrograph and hardness analysis of
the quenched samples were made in order to compare the quench efficiency of both

guenchants and some equivalence was found.

2 METHODOLOGY

2.1 Annealing

Two cylindrical billets made of AISI 8640 steel with diameter of 25.4 mm were used.

The samples were annealed in a preheated oven at 830 °C (around 50 °C above the upper
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critical temperature, A3) (CHANDLER, 1995). The samples were held into the oven for 1 hour
and then, they were slowly cooled inside the oven. After annealing process, cross sections
of both samples were removed with a cutting machine in order to evaluate the efficiency of

the annealing process by metallography and hardness measurements.
2.2 Quenching

The samples, without the removed cross sections, were heated again 50 °C above A3
during 1 hour; one of them was abruptly cooled in canola oil and the other one was abruptly
cooled in a conventional petroleum derived oil called “ALL TEMPERA 32". According to the
authors searching in the local market, in January 2021, the canola oil costs around 1.90 $/L,
while a conventional quenchant costs around 4.70 $/L. In addition, properties of canola oil
and a similar petroleum-based oil, with the same viscosity, were presented in Table 1. After
the quenching process, cross sections of both samples were cut with the cutting machine in

order to evaluate the quenching efficiency.
2.3 Metallography

The cross sections of annealed and quenched samples were cold mounted with a
polymeric resin, sanded and polished. Sandpapers between 100 and 2000 mesh, as well as,
alumina abrasive with granulometry of 1 micron were used in the sanding and polishing
processes respectively. After the polishing process, the samples were exposed to the Nital
3% solution for 5 seconds to reveal the microstructures and they were examined in a light
microscope OLYMPUS BX51. For each sample, images from surface, V4, 2 and centre of the

radius were taken to evaluate the homogeneity of annealing and quenching processes.
2.4 Rockwell Hardness Test

The scales used were Rockwell B to the annealed samples (softer) and Rockwell C to
the quenched samples (harder). The hardness measurements were taken in the same points

of micrographs.
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3 RESULTS AND DISCUSSIONS

Fig. 1 shows the microstructure of one annealed sample and two microconstituents
are present in this micrograph; the lighter regions correspond to the proeutectoid ferrite

and the darker regions correspond to the pearlite.

Figure 1 — Microstructure observed over the entire cross section of an annealed specimen

Source: Authors (2020)

The pearlitic microstructure consists of alternating lamellae of ferrite and cementite
(Fe3Q), that form simultaneously during the phase transformation from the austenitic region
(CALLISTER JR,; RETHWISCH, 2012). The pearlite usually exists as colonies and within each
colony the lamellae are oriented in essentially the same direction, which varies from one
colony to another. The thick light layers are the ferrite phase, and the cementite phase
appears as thin lamellae, most of which appear dark. Many cementite layers are so thin that
adjacent phase boundaries are so close together and they are unresolved at low

maghnifications as seen in the micrograph showed in Fig. 1, therefore the pearlite appears
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dark. Mechanically, pearlite has properties intermediate between those of the soft, ductile
ferrite and the hard, brittle cementite (IACOVIELLO et al., 2014).

Figures 2 and 3 are representative of those microstructures obtained for the
quenching processes, where martensite is the predominant microstructure. These
micrographs show the martensitic microstructures in different positions over the cross
section of the quenched cylinders in mineral and vegetable oils respectively. No visible
reduction of the martensite amount is evident with the distance from the surface. The
hardness values are shown in Table 2 and they correspond to the same points where the
micrographs were taken. Each hardness value reported in Table 2 is the average of three
measurements obtained at the same distance from the center. Regarding annealed
condition, the values obtained where exactly the same in all positions. For the quenched
samples, the hardness values are very close to each other and it confirms the samples were
completely through-quenched. In addition, the samples quenched in the different coolants
do not significantly differ in the hardness values. The range of values, between 51.0 and 53.3
HRC, are typically related to martensitic microstructure for the AISI 8640 steel (CHANDLER,
1995), as also observed using 4 different mineral oils previously, with values between 51.5
and 54 HRC (DAS GUPTA, 1949). Medium carbon hardened steels normally pass by a
tempering process after quenching, and for the similar AISI 4340 steel, the typical hardness
values after tempering are between 44 and 48 HRC (SEQUEIRA et al., 2007). Thus, the
hardness values obtained in the present investigation suggest the possibility of an adequate
tempering process in order to achieve typical hardness values for applications of AISI 8640

steel parts.

Continue...
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Figure 2 — Microstructure of the cylinder quenched in the petroleum derived oil in different

positions of the cross section: (A) surface, (B) 4, (C) 2 and (D) centre of the radius on the

analyzed surface

Source: Authors (2020)

Figure 3 — Microstructure of the sample quenched in the canola oil in different positions of
the cross section: (A) surface, (B) 4, (C) V2 and (D) centre of the radius on the analyzed

surface

Source: Authors (2020)
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Table 2 — Hardness values of the AISI 8640 cylindrical specimens with diameter of 25.4 mm

Heat treatment Surface Va 2 Centre
Radius Radius

Annealed (HRB) 902+ 902+ 902+ 902+
13 13 1.3 1.3

quenched in petroleum derived oil 520+ 526+ 528+ 533%
(HRC) 1.1 0.7 0.9 0.9

quenched in canola oil (HRC) 510+ 525+ 527+ 533+#
2.1 0.6 0.8 2.0

Source: Authors (2020)

Martensite is a non-equilibrium single-phase with a body-centered tetragonal (BCT)
crystalline structure that results from a diffusionless transformation of austenite (CALLISTER
JR,; RETHWISCH, 2012). In low and medium high-strength hardened steels, such as AISI 8640,
the martensitic microstructure is called lath and it consists of parallel block and packet
crystalline structures. Because of the largely common crystallographic orientation of the laths,
the martensite becomes an effective grain structure with deformation control. The
deformation is accomplished by twinning and limited dislocation motion, providing high
strength and hardness in martensitic ferrous alloys (KRAUSS, 1999).

From all measurements obtained at the same distances from the center (Figures 2
and 3, as well Table 2), the quench severity in petroleum derived oil and in canola oil are
comparable. Our results suggest the vegetable oil has the same efficiency than the
petroleum derived oil in cylindrical specimens made of AISI 8640 steel with diameter until
25.4 mm. Consequently, the canola oil can be considered as a potential substitute for the
conventional petroleum derived oil "ALL TEMPERA 32" in the quenching process for SAE
8640 steel parts thinner than 25.4 mm.

The use of vegetable oils rather than petroleum derived oils exhibits several
advantages in industrial applications, such as: (1) Most of the petroleum derived oils are toxic
to the environment, and often this kind of product is difficult to dispose of after use.

Vegetable oils are typically much more biodegradable and less persistent when released to
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the environment via the soil and groundwater (SIMENCIO OTERO et al., 2017). (2) Some
countries have laws which inhibit or prevent the use of petroleum lubricants and quenchants,
thus the use of ecofriendly oils in certain applications is required. (3) Vegetable oils are
renewable and therefore provide the possibility of contributing toward the goal of energy
independence and security (ERHAN; SHARMA; PEREZ, 2006). (4) Price of vegetable oil are

reduced compared to mineral ones used for quenching (BRITO et al,, 2019).

CONCLUSIONS

The micrographs show that there is no significant reduction of the martensite amount
with the distance from the surface in both samples quenched in the different coolants. In
addition, the hardness measurements confirm that the samples were completely through-
quenched once the hardness values are very close to each other.

Our results evidence that canola oil has the same efficiency than the petroleum
derived oil “ALL TEMPERA 32" in the quenching of cylindrical specimens made of AISI 8640
steel with diameter of 25.4 mm or thinner, achieving Rockwell C Hardness higher than 50 in
the whole specimen thickness. Consequently, this vegetable oil can be considered as a
potential substitute for this mineral oil in the quenching process for AISI 8640 steel parts
equal or thinner than 254 mm. Furthermore, this substitution can reduce health and
environmental damage in addition to the use of a renewable oils for steels heat treatment,

allowing also cost reduction.
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