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Abstract. Previous research stated that salt water cooling media has higher hardness value
after going through the heat treatment process compared to freshwater cooling media. From
this explanation, a study was conducted on the effect of using acid and alkaline solutions in the
quenching process against the hardness of ST37 steel. This study uses vinegar water cooling
media and soapy water. In this study several steps were carried out, namely: hardening on
ST37 steel with a heating temperature of 700°C with a holding time of 15 minutes, direct
quenching with acidic cooling media (vinegar: 2.4 pH) and alkaline solution (soap water: 9.3
pH ) with a 15 minute holding time. After the heat treatment process and direct quenching on
ST37 steel, Rockwell hardness was tested. From the test results, the use of acid and base
solution cooling media in the quenching process has an effect on the hardness of ST37 steel,
the best hardness value is an alkaline solution compared to an acid solution, alkaline solution
has a hard value of 66.73 HRC, while acid solution has a hardness value of 64.31 HRC. The
results of this study will be one of the references for further research, especially the use of
weak acid-base solutions as a cooling medium.

1. Introduction

ST37 steel is low carbon steel which has a carbon content of less than 0.3%. This steel is often used
for construction - machine construction that rubs against each other [1-7]. Besides steel with the main
elements Fe and C can be combined with other elements such as Mn, S, P, etc. to get the desired
mechanical properties. However the hardness of the ST37 steel surface is classified as very low,
before being used it needs to be improved the hardness properties on the steel surface. Quenching has
been a valuable method in steel hardening method especially in industrial scale [8], one of them is
heat treatment and given cooling media quickly (quenching) with different cooling media. The aim is
to be heat treated and fast dyed with different cooling media so that the hardness of the steel becomes
harder when used for general construction [9]. Heat treatment is a treatment (treatment) that is applied
to metals in order to obtain the desired properties. By means of heating and cooling by using cooling
media with a certain speed that is carried out on metals in solid phase conditions in an effort to obtain
certain properties of metals [10].

Water and oil are conventionally the most commonly used quenching media in the heat treatment
processes because they are readily quenchable [11]. The cooling medium used has an effect on the
cooling rate in the formation of austenite structure as a result of pearlite transformation. It is this
Austenite that will determine how far the mechanical properties of heat treatment increase. In addition
to influencing mechanical properties, cooling media can affect physical properties. In this study, we
use acid solutions and alkaline solutions as cooling media, acidic solutions and alkaline solutions are
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chosen because the two cooling media have different properties and cooling rates, which will produce
different values of hardness [12]. Many papers on the use of various kinds of liquids as quenchants in
heat treatment, but in this study focused on using acidic and wet solutions [13-14].

Based on the above considerations, it is necessary to conduct research to find out a clear analysis of
"The Effect of Using Acid and Alkaline Solutions on Quenching Process on ST37 Steel Hardness".

2. Method

This research uses experimental method, ST37 steel is cut in the shape that has been determined as in
Figure 1, with a total of 6 specimens. All specimens are heated to a temperature of 700°C, then held
for a certain amount of time. Then Quenching process is carried out into 3 soap specimens and vinegar
water cooling media as much as 3 specimens as well, the cooling time is 15 minutes, the temperature
of acidic and basic solutions as cooling media is maintained in room temperature of 32° C. Tests were
carried out using the Rockwell method, using the HRC scale with diamond pyramid indentors and
1200 angles used, as well as the load used 1471N.
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Figure 1. Specimen model.

2.1. Data analysis

Data processing techniques using descriptive techniques based on experimental results, while the
analytical methods used Microsoft Office Excel processing. In the processing will be calculated to get
the value hardness. Retrieval of data in testing this hardness study was carried out three times using
different specimens for each repetition. The treatment of each specimen is of course using new acid or
alkaline solution water, so that it is not contaminated with used testing. This data is taken only at
700°C heating temperatures, although in this series of studies carried out with various variations in
heating temperature, this is to focus more on the temperature at which micro structures of steel change.
The results of this experimental data can be seen in table 1.

Table 1. Hardness value (HRC) ST 37 steel of acid and base solution effect.

Heating Hardness Value (HRC)
Treatments Temp. Spec1 Spec2 Spec3 AVG

Vinegar

Water 700°C 66.25 66.9 6703  66.73
(Acid

Solutions)

Soap Water

(Base 700°C 63.9 643 6475 6431
Solutions)

3. Result and discussions

Figure 2 shows the treatment results of ST37 steel which is heated to a temperature of 700°C then
quenched in an acidic and base solution, and the average value indicated by the barbar. The results of
this study indicate that the cooling media has an effect on the hardness value of ST37 steel, with a
contribution value of 11.63%. This proves that steel given a cooling medium with quenching treatment
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will affect the hardness value of steel. In this heat treatment, ST37 steel is heated at a certain
temperature and then cooled with cooling media, it can also increase the hardness value of steel
compared to the steel raw material itself. This can occur because the formation of a marten site
structure in steel after the austenite phase is heated and then cooled quickly to a low temperature, the
martensitic structure in steel is often called the saturation solution of carbon and has very strong
properties. With this rapid cooling, there is not enough time for austenite to turn into pearlite and
ferrite or pearlite and cementite. The transformation from the austenite to ferrite phase takes place in a
reconnaissance and grain growth process that is influenced by time. Because the cooling rate is so fast,
the carbon atoms are trapped in the solution to form a martensitic structure. Whereas the cooling
media which influences the hardness of ST37 steel is soap and vinegar water, when the steel is given
an acidic cooling medium, after the heat treatment process it causes higher corrosion on the steel
surface than the alkaline solution cooling media, and corrosion can reduce the hardness of the steel.
According to Toshiaki Koga and friends, that a strong acid solution can reduce molecular absorption
in each compound, so that it can be interpreted that the more acidic the solution, the cooling process
will be slower [15]. In several research, too much acidic content can cause slow chemical reactions, at
the slowing down of this reaction also causing the cooling process to proceed more slowly. The results
of this study will be one of the references for further research. especially the use of weak acid-base
solutions as a cooling medium.

Comparation of Acid and Base Solution on
The Quenching Process on The Hardness of
ST37 Steel
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Figure 2. Comparation of acid and base solution on the
quenching process on the hardness of ST37 steel.

4. Conclusion

From the results of experiments and analyzes that have been carried out, it was concluded that the use
of acidic and alkaline solution cooling media in the quenching process affected the hardness of ST37
steel. The best hardness value is the treatment of alkaline solution (soapy water) with a hardness value
of 66.73 HRC, while the treatment of acidic solution (vinegar water) the hardness value is 64.31 HRC.
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