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INTRODUCTION

Austenitic stainless steels have the widest applica-

tion in the industry. According to the literature, the pro-

duction of austenitic stainless steels belong to more than

2/3 of the total world production of stainless steel �1�.
These steels have a good mechanical and corrosion

properties at high temperatures and loads and provide

exceptional wear and galling resistance as well as a high

temperature corrosion resistance �2,3�. Nitronic 60 is a

commercial name for a highly alloyed austenitic steel

was developed specifically for antigalling service. In

comparison to other austenitic steel this steel has good to

excellent galling resistance �4-6�. One of the projects of

the Institute „Kemal Kapetanovi}“ in Zenica is to define

the technology of production of steel Nitronic 60. The

technology for the production of steel is protected by the

manufacturer. Accordingly, a number of research activi-

ties have needed to make to define the technology of

production this steel in semi-industrial conditions of the

Institute �7,8,9�. One of the activities was to define the

program of solution annealing and its influence on the

mechanical properties especially on the hardness.

The aim of the solution annealing is to get an austen-

ite microstructure with disolved carbides in matrix by

the heat treating of steel in the temperature interval from

1000 to 1150 °C and by quenching in the water �10�.

Since, the solution annealing technology is not defined

for this type of steel, the experiment was done for differ-

ent temperature and times of the heat treatment. Also,

purpose of experiment was to define technology that

would give the desired microstructure and properties

with a minimum consumption of time and energy.

EXPERIMENTAL WORK

Melts tested in this work were prepared in vacuum

induction furnace. The samples are taken from the steel

bar Ø 16 mm and tested at 950, 1020 and 1100 °C for

different periods of times 1, 2 and 3 hours. The chemical

composition (Table 1) for three melts are in accordance

with the standard while the chemical composition of the

fourth melt exceeds the prescribed values. The chemical

composition of steel Nitronic 60 is not standardized, the

chemical composition of UNS S21800 steel can be used

as a substitute for this steel.

The aim of this investigation was to determine the in-

fluence of chemical composition on the properties of the

materials. Special attention is given to the influence of

delta ferrite, whose appearance is related to the chemical

composition of steel, Table 2. The delta ferrite content is

determined in accordance with the modified Schae-

ffler-DeLong’s diagram �2� and by using the Olympus

software for the microstructure phase analysis (Olym-

pus analysis Materials Science, Digital Imaging Solu-
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tions). Chromium (Cr) and silicon (Si) are the chemical

elements that initiate the formation of delta ferrite and

because of that the behavior of melt V1699 was ob-

served. For this melt, the content of these elements ex-

ceeds the prescribed values.

ANALYSIS OF THE RESULTS

Metallographic analysis

The heat treated samples were analyzed by optical mi-

croscope after etching by aqua regia. The samples treated

at 950 °C show austenite microstructure with delta ferrite

and precipitates. The precipitates are present inside the

grain and at grain boundaries, Figure 1. All samples

treated at 1020 i 1100 °C for 1, 2 and 3 hours show aus-

tenite microstructure with twins and delta ferrite.

The content of the delta ferrite is different for differ-

ent melts, Figure 2.

Hardness Testing

To examine the influence of the heat treatment tem-

perature and time on the mechanical properties of the

steel, the hardness tests were performed according to

standard EN ISO 6 508-1 / 2007 BAS and BAS EN ISO

6 507-1 / 2007, �11,12�. Two methods were used for

hardness testing Rockwell (HRC) and Vickers (HV).

All results are converted into the method by Brinell

(HB) in accordance with ASTM E140-97 �13� to be

compared with the prescribed standard for this steel.

The results are present as follows:

– the hardness values for all tested melts are in the

range from 170 to 290 HB (max. value for steel

Nitronic 60 is 241HB according to Standard

ASTM A276, �14�)
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Table 1 The chemical composition of Nitronic 60 steel / wt%

Melt
Chemical composition

C Si Mn Cr Ni P S N

Prescribed 0,1 (max) 3,5-4,5 7,0-9,0 16,0-18,0 8,0-9,0 0,040 (max) 0,040 (max) 0,08-0,18

V1692 0,04 4,41 7,4 18,0 8,1 0,007 0,005 0,183

V1696 0,05 3,5 7,9 16,9 8,6 0,005 0,005 0,120

V1699 0,04 4,95 7,5 19,5 8,5 0,005 0,008 0,129

V1702 0,04 3,8 7,4 17,3 8,6 0,007 0,011 0,158

Table 2 The content of delta ferrite / %

Melt
Accordance with Scha-
effler-Delong diagram

Accordance with metal-
lographic analysis

V1696 cca 3 cca 2,6

V1702 cca 4 cca 4,75

V1692 cca 7,6 cca 8,86

V1699 >13,8 cca 17,04

Figure 2 The content of delta ferrite for different melts: a) V1696, b) V1692 and c) V1699 (aqua regia)

a) b) c)

Figure 1 Microstructure analysis for melt V1696 a) 950 °C/60 minutes/water, b) 1020 °C/60 minutes/water and c) 1100

°C/60 minutes/water (100 x, aqua regia)



– the hardness is decreased by increasing tempera-

ture, Figure 3

– the samples treated at 950 °C have max. hardness

– the hardness decreased by increasing of treatmen

time on the constant temperature, Figure 4

– the hardness is increased by increasing delta fer-

rite content

– for two melts (V1692 and V1699) whose percent-

age of delta ferrite (calculated according to the

modified Schaeffler’s diagram) is about 8 % and

13,8 %, the hardness values are similar.

CONCLUSIONS

After data analysis following can be concluded:

– the heat tretament which consists of heating the

steel in the temperature interval from 1020 to 1100

°C for a period of 1, 2 and 3 hours, followed by

quenching in the water will ensure an austenite

microstructure with twins, which are typical for

this microstructure,

– the heat treatmen at 950 °C will not ensure fully

austenite microstructure, the precipitates will stay

undissolved,

– the metalographic analysis showed presence of

delta ferrite in the matrix,

– the chemical composition influences the content

of delta ferrite. The melts with increased content

of chromium and silicon have higher percent of

delta ferrite in matrix,

– the melts with higher content of delta ferrite have

higher hardness,

– to save energy and time as the optimal heat treat-

ment for further work is recommended heating at

1020 °C for 1 hour followed by quenching in the

water.
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b)

a)

c)

Figure 3 The hardness values in relation to the annealing

temperature

b)

a)

c)

Figure 4 The hardness values in relation to time for diffe-

rent annealing temperatures



The conclusions based on the analysis of results will

be used in defining of experiment to predict the effect of

ferrite- and austenite stabilisers elements on formation

of delta ferrite and its influence on the mechanical prop-

erties of Nitronic 60 steel.
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