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Abstract. H13 steels are widely used for die casting molds, and nitriding is employed in order to increase the life of the
tools, by reducing wear and thermal fatigue. For such application, nitriding is made after quenching and tempering
heat treatments, and case depths of about 0.1mm are normally specified. In this work, the influence of quenching an
tempering heat treatment made before nitriding was evaluated. In order to achieve different core hardness, different
austenitizing and tempering temperatures were used, and specimens were submitted to one nitriding cycle. Nitrided
layers were analyzed in terms of effective depth, surface hardness, and scratch hardness by means of scratch tests.
Results showed that the depth and surface hardness of the nitrided layer did not vary with prior heat treatments, but it
was observed that the scratch hardnessis not only a function of the nitrided layer hardness and depth; it also depends
on the prior heat treatments carried out on the steel.
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1. INTRODUCTION

The aim of this work was to evaluate the influeméequenching and tempering heat treatments on ithieled
layers produced by plasma nitriding in AlSI H13ed¢e Nitriding is employed to improve wear and thal fatigue
resistance of molds in die casting applicationsri@xet al., 2015), and it is made after heat treatment. fbot life
depends on a great extent on the properties ofithded layer (Kanget al., 1988; Karamiset al.,1991). In this work,
different heat treatments were made before plasinding, and the nitrided layers were evaluateddmms of case
depth and surface hardness. Scratch tests werenalde in order to evaluate scratch hardness and regiatance of
different combinations of heat treatment and niigdconditions.

2. EXPERIMENTAL PROCEDURE

After cutting, AISI H13 steel specimens were questthnd tempered according to the parameters shoivabile 1.
Austenitizing time at temperature was 20 minutes] specimens were quenched in oil at room temperalouble
tempering at indicated temperatures (2+2 hours) mvade for all specimens. After heat treatment, ispets were
plasma nitrided with the following parameters: aspitere of 15% N2 + 85% H2, temperature of 500°Catihn of 4
hours. A microhardness tester was used to measws® depth and surface hardness of the nitridedslaged a
tribometer was used to perform scratch tests witbrestant load of 100N. Scratch hardness was detednaccording
to ASTM G171-03 Standard.

Table 1 - Heat treatment parameters

Specimens Austenitizing temperature (°C) Tempeémgperature (°C)
1.1 1000 500
1.2 1000 550
1.3 1000 600
2.1 1030 500
2.2 1030 550
2.3 1030 600
3.1 1060 500
3.2 1060 550

3.3 1060 600
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3. RESULTSAND DISCUSSION

Figure 1 shows core hardness of specimens afténtile@dments as a function of both austenitizindg sampering
temperatures. Figures 2 and 3 shows the surfacidss and case depth of the nitrided layers agtifumof heat
treatment parameters, and Fig. 4 shows the schatadness of specimens. It is important to state ttiere was no
formation of white layer in the nitriding process &ll heat treatment conditions. For temperinggeratures of 500°C
and 550°C, the surface hardness of the nitridedrldid not change significantly. The case depthedafrom 0.9 to
0.1mm for all conditions, which shows that the pheat treatments did not affect these propertigseonitrided layer
in general. However, when it comes to the scratridiess, one can note that this property changeguastion of the
parameters used in the heat treatments previouabenon the specimens, indicating that wear resistamight be
associated not only with the nitrided layer itsdélfit also with prior heat treatments of the st@éle depth of the
scratches on the surface of nitrided layers liethenrange of 5 to 10mm, which is much smaller tthencase depth
(0.1mm). Even though the scratches only affectechttrided layer, not reaching the substrate, thatsh hardness was
affected by the substrate hardness.
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Figure 1. Core hardness as a function of heatreatt parameters (H13 steel)
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Figure 2. Surface hardness of the nitreded layerfasction of both austenitizing and temperinggenature
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Figure 3. Nitrided layer properties. (a) surfacednass; (b) case depth
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Figure 4. Scratch hardness after nitriding as atfan of heat treatment parameters
4. CONCLUSIONS

From the results obtained in this work, it was jaesto conclude that the heat treatments maderbgitasma
nitriding did not affect the surface hardness aadecdepth of the nitrided layers, specially for doviempering
temperatures. However, the scratch hardness (asslbp® wear results) varied with core propertiegnethough the
depth of the scratches was much smaller than the dapth. This should be investigated in more Ketad factors
such as residual stresses, retained austenitesabides formation may play a role in this case.
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