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1. Introduction 
 

The performance life of parts of machines and equip-
ment operating at high temperatures depends to a great extent 
on the structural stability of material. The creep-resistant Ni-
Cr cast steels used for operation at high temperatures are en-
riched with additions of niobium and titanium to improve 
their creep resistant behaviour. Compared with conventional 
cast steel, the phase composition of the stabilised cast steel is 
much more complex. The change of structure consists in par-
tial or complete replacing of complex chromium carbides of 
the M7C3 or M23C6 type with the simple MC type carbides. At 
an operating temperature and in the presence of silicon, the 
content of which is higher in cast steel than in steel (for rea-
sons of both technical and useful nature), the MC carbides are 
losing their stability and undergo phase transformations which 
result in the formation of a high-silicon Ni16(Nb,Ti)6Si7 phase, 
commonly called G phase. Liberated during this transforma-
tion, carbon and chromium, whose concentration in the matrix 
impoverished in nickel is growing, too, get combined to form 
on the phase boundaries chromium carbides of the M23C6 
type1,2. As a result of this effect, after certain time of anneal-
ing, complex precipitates composed of several phases start 
appearing in the alloy structure. Each of these phases has its 
own hardness, which makes their differentiation by the use of 
a microhardness tester possible.  

An attempt to differentiate the individual phase constitu-
ents was made, among others, in study3. Yet, because of 
a large scatter in the obtained results and small differences in 
the hardness values obtained for some phases (especially as 
regards M7C3 and M23C6 type carbides), the investigations did 
not give the expected positive results. 

The aim of the investigations undertaken in this study 
was to use microhardness measurements for the determination 
of phase constituents included in the composition of complex 
multi-phase precipitates present in the structure of stabilised 
austenitic cast steel after the annealing process. 

 
 

2. Experimental 
 

The choice of material and the method of taking meas-
urements were dictated by the following objectives: 
 To produce in alloy structure the precipitates of possibly 

large dimensions,  
 To apply the load of a value such that would produce 

indentations only within a strictly determined and pur-
posely chosen phase region. 

Material for investigations. Creep-resistant cast steel of the 
chemical composition given in Table I was melted in induc-
tion furnace and cast into sand moulds. Then, the specimens 
cut out from the test ingots were annealed in the atmosphere 
of air at a temperature of 900 °C for 300 hours. After this 
time, the structure contained precipitates of dimensions com-
prised in the range of 10–15 m, Fig. 1. The „coarseness” of 
the precipitates was also due to the appropriately high silicon 
content in alloy4. 
 

 
The cast steel microstructure was examined under an 

optical microscope and a scanning JEOL 6100 microscope, 
using polished cross-sections etched with an agent of the fol-
lowing composition: 3 g FeCl3, 10 cm3 HCl, 90 cm3 C2H5OH. 
The chemical composition of the precipitates was determined 
on a Link ISIS series 300 apparatus. The phase composition 
was determined on an isolate sample extracted from the cast 
steel, using Philips PW1710 diffractometer and the method of 
diffraction analysis. The conditions of the electrolytic extrac-
tion were described in5. 
Microhardness measurements. Microhardness of the precipi-
tates and of the matrix was measured by the Vickers method, 
pressing statically under a load of 5 gf on the indenter of 
a Micromet 2100 microhardness tester made by Buehler. The 
value of the load was chosen basing on the results of the pre-
liminary tests and studies. It was assumed that the load should 
be such as to enable the indentation to be made in a selected 
monophase region only. It has been observed that the load 
higher than 5 gf makes too large indentations, extending 
through more than one phase which, in turn, gives averaged 
hardness values not for one but for two phases. The measure-
ments were taken on polished cross-sections of unetched 
specimens. Mean results from 10 measurements are compiled 
in Table II. 
 
 

MICROHARDNESS OF PHASE CONSTITUENTS PRESENT IN CREEP-RESISTANT 
CAST STEEL 

Table  I 
Chemical composition of the cast steel, wt.% 

C Ni Cr Si Nb Ti Mn Cu 

0.30 29.30 17.80 4.26 1.59 1.07 1.02 0.21 

Content of other elements: P<0.015, S<0.007 
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3. Discussion of results 
 
An important consequence of transformations proceed-

ing in the examined alloys due to the annealing process is the 
complex structure of the formed precipitates, which in their 
composition may include even four phase constituents. 

 
The sequence in which these precipitates are arranged is the 
following: the centre is TiCN carbide surrounded by a com-
plex niobium-titanium carbide (Nb,Ti)C, next there is an en-
velope of the chemical composition corresponding to G 
phase, while the external layer is composed of the precipitates 
of chromium carbides of the M23C6 type, the presence of 
which is accompanying the MC → G transformation, Fig. 3. 

Microhardness was measured in selected areas to which 
the individual phase compositions were ascribed, basing on 
the results of the metallographic examinations. The obtained 
distribution of the hardness values is consistent with the ar-
rangement of phase constituents in a single precipitate, 
Figs. 2, 3 and 4. The highest hardness, considerably different 
than the hardness of the remaining carbides, has the TiCN 
carbide, located in the middle of a complex precipitate. The 
lowest hardness has the matrix. Very interesting in the ob-
tained  results is also the fact that the value of the standard 
deviation (Table II) is the highest (the largest scatter in re-

sults) in the case of TiCN phase, and the lowest in the case of 
the matrix. This is due to both the size of an area occupied by 
these constituents on the metallographic specimen cross-
section surface and to the hardness itself possessed by these 
phases. 
 

a         b 

10 m 10 m 

Fig. 1. a) Microstructure of the examined cast steel, b) indentations in precipitate areas and in the matrix  

Table II 
Results of the Student t test for measurement of microhardness on different phases,  = 0.05 

Phase Average, HV Standard 
deviation 

Number 
of groups, N 

Value 
test t 

 df Probability, p 

TiCN 2853 636         
(Nb,Ti)C 1427 275 10 8.612396 9 0.000012 
G phase 1127 303 10 4.092959 9 0.002705 
M23C6 774 202 10 2.580205 9 0.029687 
matrix 346 46 10 7.960378 9 0.000023 
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Fig. 2. Phase compositions of precipitates;  (Nb,Ti)C,  G phase, 
 Cr23C6,  TiCN  
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Of some importance is also the application of small load 
during the measurements. With increasing load, the error of 
the measurements of the indentation diameter decreases. 
Probably, larger number of the measurements would render 
the same effect, giving smaller standard deviation. 

In spite of a large scatter in the results, especially as 
regards the TiCN phase, and relatively small differences in 
hardness between the G phase and (NbTi)C carbides, the 
value of the probability p (the occurrence of test statistics t) is 
lower than the accepted level of significance  = 0.05, which 
indicates that in all the cases of comparable mean hardness 
values, the difference between them is still significant enough 
to enable them to be regarded as the values of the hardness of 
the individual phase constituents, Fig. 5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
4. Conclusions 
 

The performed investigations have proved that it is pos-
sible to differentiate between the individual phase constituents 
present in microstructure of the annealed cast steel. The appli-
cation of statistical analysis enables determining, even when 
the scatter in results is relatively large, the mean hardness of 

5 m 
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wt.% Si Cr Nb Ni Ti Fe Mn 
1 0.31 1.13 34.55 0.80 62.13 1.20 0.12 
2 0.41 1.45 56.58 1.81 38.08 1.57 0.10 
3 11.97 2.45 16.47 53.35 8.72 6.88 0.16 
4  3.70 18.88 0.18 28.43 0.53 47.51 0.78 

Fig. 3. a) Microstructure, b) distribution of elements, c) punctual 
chemical analysis of precipitates 
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Fig. 4. Distribution of microhardness in phase constituents of the 
examined cast steel 
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each of the phases, providing that these are not the similar 
values. 

So, it is possible to describe the microstructure quantita-
tively by random measurements of microhardness taken on 
the metallographic specimen cross-section and their presenta-
tion in the form of a distribution of the microhardness values, 
where the individual phase constitutents can be isolated and 
their quantitative content can be determined – all from the 
obtained hardness values. 

The condition is, however, properly chosen value of the 
load, which enables eliminating the measurements giving 
averaged hardness values for two or more phases. 
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M. Garbiak and R. Chylińska (Szczecin University of 
Technology,  Szczecin, Poland) Microhardness of Phase 
Constituents Present in Creep-Resistant Cast Steel 

 
The study presents the results of microhardness measure-

ments of the phase constituents present in creep-resistant cast 
steel. The measurements were taken by the Vickers method, 
and their main aim was to make a distinction between individ-
ual phases included in the composition of complex precipi-
tates formed as a result of ageing the 0.3C-30Ni-18Cr creep-
resistant cast steel.  The statistical analysis of the results of 
microhardness measurements has indicated that the averaged 
values of HV obtained for individual phases are characterised 
by very significant differences at the adopted level of confi-
dence  = 0.05. Hence they can be treated as separate values 
and as such can be ascribed to the individual phase constitu-
ent. 
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Fig. 5. Comparison of average microhardness between phase constituents of the examined cast steel 


