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mechanical and chemical properties required for components of
automotive engine. Studies have confirmed that the rod dimensions

ﬁfﬁgﬁf}ﬁfﬁre’ mechanical properties, ¢16mm made of steel 17-7PH with modified content of chromium,

stainless steel, precipitation hardening, nickel and aluminum in combination with heat treatment solution

hardness, heat treatment, natural aging annealing and precipitation hardening, gave values of mechanical
properties, satisfying the requirements for steel with standard chemical
composition.After aging was obtained martensitic austenitic microstru-
cture, with a high percentage of martensite with a slight presence of
delta ferrite.
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Introduction:-

The complex chemical composition achieved by very low carbon content and alloying with aluminum, chromium
and nickel allow with different heat treatment that PH steels are materials with a great challenge for researchers.
Research into different combinations of the chemical composition of the material and varying the temperatures of
heat treatments provides the possibility of creating high-performance materials with a lower production cost and a
wider range of applications. Heat treatment of PH stainless steels is carried out in order to achieve microstructural
components that will enable different levels of mechanical property values [1,2]. The mechanical properties were
determined at room and high temperature after solution annealing at three different temperature, natural aging and
after precipitation hardening in state TH1050.

Information of testing material:-

In this paper is described PH steel 17-7PH with modified chemical composition. That means that content of Cr, Ni
and Al is changed in regard to values given in standard. The melts were produced in semi-industrial facilities at
Institute "Kemal Kapetanovi¢" in Zenica, in a vacuum induction furnace of the "Leybold Heraeus" type, with a
capacity of 20 kg. ARMCO iron was used as the charge for the production of the melts with the addition of
appropriate amounts of alloying elements, as well as silicon and manganese. The working lining of the ladle was
made of 86% MgO and 14% Al,O;. The mold format was KV 6. The metal pad is melted in a protective
atmosphere, which is achieved by introducing argon into the previously vacuumed working space of the furnace.
The goal of melting under a protective atmosphere is to minimize the possibility of oxidation, and thus the loss of
alloying elements. The temperature of the liquid metal before casting is between 1520 and 1550 °C.The standardized
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chemical composition of stainless steel 17-7PH and the modified chemical composition ¢ 16mm bars of two
experimental batches are given in Table 1.

Table 1. Chemical composition [1].

Standard Chemical composition, [mas %]
Batch P,
C, max | Mn, max | Si, max S, max | Cr Ni Al
max
BAS EN 10088-5[6] | 0,09 1,0 0,7 0,040 | 0,015 | 16,0-18,0 | 6,5-7,8 | 0,7-1,5
V1755 0,02 0,59 0,65 0,015 | 0,016 | 15,1 8,2 0,80
V1783 0,05 0,55 0,51 0,011 | 0,029 | 15,6 7,4 1,18

The ingots were forged and rolled at the semi-industrial facilities of the Institute "Kemal Kapetanovi¢" in Zenica.
Forging was carried out on a hydraulic press Pitzman und Pffeeifer with a capacity of 200 t, with light pressures, in
order to break the transcrystalline zone. The temperature at the beginning of forging was 1150°C. Forging was
carried out up to a temperature of 950°C, after which the forgings were reheated to 1150°C. After reaching the
dimensions of the forging below 30x30 mm, reheating and forging were carried out on a B250 pneumatic hammer,
with a capacity of 250 kg by free forging. With higher dynamic pressures, uniform deformation was achieved across
the entire cross-section. Forging on the hammer was completed after reaching the dimension ¢18 mm. Hot rolling to
the final dimension ¢ 16 mm was performed on a semi-industrial SKET rolling mill, with a diameter of rollers ¢ 350
mm, in the temperature range from 1150°C to 950 °C [1].Rods ¢ 16mm were heat treated in a semi-industrial two-
chamber “CER” furnace and laboratory automatic “KOHLER AG” furnace in Institute "Kemal Kapetanovi¢" in
Zenica.

The heat treatment of the bars consisted of solution annealing and precipitation hardening as follows:
e solution annealing at 950°C, 1050°C and 1150°C, figure 1 (a, b and c) respectively,
e precipitation hardening by regime TH1050, figure 2.

a) b) C)

Figure 1. Diagrams of solution annealing.
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Figure 2. Diagram of precipitation hardening — condition TH1050.

787



Results:-

The mechanical properties test was carried out on standard test samples taken from ¢ 16 mm bar. The material was
tested in the solution-annealed state at room temperature, and in the precipitation hardening state TH1050 at room
and elevated temperature (425°C). The testing of mechanical properties at room and elevated temperature was
carried out on the Universal hydraulic machine for static tests - AMSLER, in the measuring range from 0 to 200 kN
in the Mechanical Laboratory of the Institute. Testing and production of test samples for tensile properties at room
temperature was carried out in accordance with the standard EN ISO 6892-1, and at elevated temperature EN ISO
6892-2 [1,3,4]. The appearance of test samples for tensile testing at room and elevated temperatures is given in
Figure 3.

E
Figure 3. Test samples for tensile testing [S].

Table 2. provides an overview of the mechanical properties tested in the TH1050 condition in 2015., after 10 years
of natural aging, and after heat treatment of TH1050 in 2025.

Table 2. Mechanical properties [1, 5, 6, 7, 8].

Mechanical properties
. Rm, N/mm’ | Rpo,. N/mm’
Literature/Batch .
Natural aging
Room temperature  425°C Room temperature  425°C
V1755 983 893 736 598
V1783 1031 923 711 744
| Precipitation hardening, room temperature
Standard EN 10088-5 1170 N/mm’ 965 N/mm’
Temperature of solution annealing 950°C  [1050°C" [1150°C 950°C  [1050°C" [1150°C
V1755 1119 1291 1090 1031 1224 975
V1783 1294 1419 1263 1171 1276 1085
Precipitation hardening, 425°C
Standard EN 10088-5 979 N/mm’ 895 N/mm’
Temperature of solution annealing 950°C  [1050°C" [1150°C  950°C  [1050°C" [1150°C
V1755 810 810 809 779 776 732
V1783 923 923 876 744 906 761

D tested in the TH1050 condition in 2015.

Samples for metallographic analysis in longitudinal section are prepared in accordance to standard ASTM E 3 [9]-
grinding and polishing using automatic mashine PHOENIX BETA. Grinding of the samples were done from paper
gradation 240SiC to 1000SiC. Polishing were done using diamond suspension from 9u to 1 p on adequate polish
clothes. Metallography analysis of samples was carried out on light optical microscopy OLYMPUS PMG3 using
software ANALYSIS 5.0 and software LAS X. Figure 4. and 5. shows microstructures for natural aging after 10
years, TH1050 condition carried out after solution annealing at 950°C, 1050°C and 1150°C for batches V1755 and
V1783, respectively. Samples are etched in Kalling reagent: 100cm’® HCl, 5g CuCl,, 100 cm’ C,H;OH.
Microstructure of martensite, austenite and some delta ferrite was revealed by etching in the Kalling reagent [10].
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Precipitation hardenin

Figure 4. Microstructure, batch V1755, a) natural aging; b) Precipitation hardening TH1050, after solution
annealing at 950°C; c) Precipitation hardening TH1050, after solution annealing at 1050°C; Precipitation
hardening TH1050, after solution annealing at 1150°C [1,5] .
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Precipitation hardeninge TH1050, after solution annealing at 950°C

-I"ru::ipltdl:lnn h.ardemnh THIO50, after solution a.m‘u:a.lmg at 1150°C

Figure S. Microstructure, batch V1783, a) natural aging; b) Precipitation hardening TH1050, after solution
annealing at 950°C; c) Precipitation hardening TH1050, after solution annealing at 1050°C; Precipitation
hardening TH1050, after solution annealing at 1150°C [1,5].

On figure 6. show diagram of tensile strength and yield stress for samples which are solution annealing at three
different temperatures (950°C, 1050°C and 1150°) and precipitation hardening with standard TH1050 treatment.
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Figure 6. Diagram : (a) Tensile strength; (b) Yield stress.

Discusion:-

Chemical composition of two analyzed batches have different amount of nickel, chromium and aluminum. The
amount of chromium is lower than is prescribed in standard EN 10088-5 in both batches. The amount of nickel is
lower in batch V1783 than is prescribed in standard EN 10088-5, and higher in batch V1755. The amount of
aluminum lower in both batches is in accordance to standard EN 10088-5. The tensile strength Rm of the V1755
batch with lower chromium and a higher nickel content compared to the values given in the EN 10088-5 standard is
lower in the naturally aged and TH1050 conditions tested at room temperature and 425°C. Values of yield stress
tested at room temperature are higher for batch V1783 for all three different temperature of solution annealing, but
only for temperature of solution annealing of 1050°C the value of Rpg, is higher for batch V1783 tested at
425°C.The microstructure of the V1755 batch samples shows a larger amount of austenite, which is observed in the
form of white bands. The presence of delta ferrite in the V1783 batch is within the limits allowed for steel 17-7PH.

Conclusion:-

The heat treatment of precipitation hardening, which includes the austenite conditioning step, and the cooling of
samples from temperature of 760 °C enabled the transformation of austenite into martensite, which represents the
first step of hardening. By subsequent heating at temperature of 565 °C, aging treatment is carried out, which
additionally strengthens the material, by precipitation of the intermetallic phase and excretion of carbides.
According to the chemical analysis of the produced batches, the carbon content is from 0.02 to 0.05%, and for a
period of 90 minutes and at a precipitation hardening (aging) temperature for the TH1050 condition of 565 °C for a
period of 90 minutes, the precipitation of Cry;Cy carbide is possible. The achieved values of mechanical properties,
even above the upper limit for steel 17-7PH of the prescribed chemical composition, indicate that during the
precipitation hardening, the strengthening intermetallic phase was precipitated, which by its existence contributed to
high values of tensile strength and yield stress.Heat treatment at different temperatures of solution annealing of 17-
7PH steel with modified chemical composition (low chromium content) gives very good tensile and yield strength
after precipitation hardening with standard TH1050 treatment with satisfied microstructure.
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