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Abstract 
 

The study presents the results of own investigations and of the investigations described in technical literature regarding various 
methods of improving the resistance to carburising of the creep-resistant structural parts of carburising furnaces. Most of the studies 
referred to were carried out in a Foundry of the Szczecin University of Technology. The results of the investigations on the effect of 
chemical composition of austenitic cast steel on its resistance to the carburising effect controlled through application of the anti-
carburising coatings based on aluminium and constituted on high-alloy steel substrate were summarised. The possibility to use machining 
of castings as a means to raise their performance life  in carburising atmosphere was also mentioned. 
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1. Introduction 
 

Modern technique knows numerous cases when the cast parts 
operating at high temperatures are exposed to the effect of 
carburising atmosphere [1, 2].  

When castings are operating, the adverse changes in their 
structure caused by the ageing process are additionally enhanced 
by changes in the properties of surface layer, caused by carbon 
diffusion from the atmosphere. As a consequence of the 
carburising process, casting degradation is speeded up [2, 3]. 
 The degradation of casting properties can be counteracted by: 
- introducing to cast steel or increasing in this steel the content 

of elements reducing or eliminating the diffusion of carbon to 
alloy matrix,  

- changing the technological condition of the casting surface 
through application of protective coatings or by machining. 

 This study summarises the results of investigations carried out 
in a Foundry of the Szczecin University of Technology regarding 
the above mentioned methods of increasing the resistance to 

carburising in creep-resistant structural parts of the carburising 
furnaces. 
 
 

2. Chemical composition 
 

From the results of studies in which the effect of chemical 
composition of the austenitic cast steel on an improvement of the 
casting resistance to carburising effect has been investigated, 
a general conclusion can be drawn that increasing the content of 
most of the added alloying elements gives positive results. In 
impeding the diffusion of carbon from the atmosphere to the 
alloy, the alloying additives are operating in the following way: 
- they reduce the solubility of carbon and its diffusion rate in 

the alloy matrix, e.g. Ni, Co, 
- they form a protective layer on or below the surface of 

material, thus impeding the diffusion of carbon from the 
atmosphere and reducing also its solubility in the alloy 
matrix– e.g. Si, Al, Cr. 



 Nevertheless, there are two barriers worth mentioning that 
demand reducing the content of alloying elements. These are the 
following handicaps: 
- economy; increasing the content of alloying elements must 

increase the cost of material in a proportion too high 
respective of the effects obtained from increasing its 
carburising resistance, 

- usefulness; increasing the carburising resistance of alloy may 
mean deteriorating its other properties, e.g. its resistance to 
thermal fatigue. 

 The information we actually possess on how to select the 
chemical composition of castings operating under the carburising 
atmosphere is ordered and well understood. 
Nickel is the leader in increasing the austenitic cast steel 
resistance to carburising, and to achieve this purpose, its optimum 
content in cast steel is generally considered to be 40÷60% (Figs. 1 
and 2). It is also generally known that in austenitic cast steels 
with Fe/Ni ratio equal to ¼ the alloy resistance to carburising 
reaches its maximum level [4]. 
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Fig. 1. The carburising rate in various types of austenitic cast 
steel; solid carburiser: 1100oC/ 200 hours [5] 

 
Chromium is the alloying element which confers to the cast steel 
the required heat-resistance. Its content in alloy may go well in 
excess of 30% (see PN-EN 10295:2004). Chromium raises the 
alloy resistance to carburising mainly by reducing the thickness 
of the carburised layer [3] and forming on the casting surface 
a protective layer of chromium oxides [6] (providing, of course, 
the layer of oxides is not damaged during casting operation). 
Unfortunately, increasing chromium content in cast steel may also 
give way to local „overcarburising” of the casting surface layer 
(Fig. 3), which means that in a unit volume of the carburised layer 
the concentration of chromium carbides will locally reach a very 
high concentration, making physico-chemical properties of this 
layer differ too much  from the properties of the uncarburised 
core [3]. 
Carbon reduces the process of cast steel carburising (Fig. 2), but 
also promotes the precipitation of chromium carbides, and this, in 
turn, reduces the mechanical properties and thermal shock 
resistance [3]. When casting is put in service, its carburised and 
brittle surface layer must “cooperate” with the plastic and 
uncarburised core. In [7], investigating the effect of carbon 
content in alloy along with the effect of carburising and annealing 

on the hot impact resistance of the 36%Ni-18% Cr cast steel, it 
has been stressed that the content of about 0.4% carbon is a limit 
that enables preserving good plastic properties in alloy with the 
carburised layer. 
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Fig. 2. Effect of Ni, Cr, C and Si on an increment in the cast steel 

weight (ΔM/S); gas carburising, temp. 900oC [3] 
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Fig. 3. Effect of Cr and Ni on carbide volume fraction (VV%) 
 in cast steel after carburising; 900oC/ 500 hrs [3] 

 
Silicon increases the cast steel resistance to carburising (Fig. 2), 
because it reduces the solubility of carbon in austenite and is 
forming on or below the alloy surface a tight layer of silicon 
oxides. Silicon in a content above 2% is particularly effective in 
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reducing the cast steel carburising [8], and therefore the 25Cr-
20Ni-2.4Si cast steel is characterised by better anti-corrosive 
behaviour than its 25Cr-35Ni counterpart (Fig. 1). According to 
the authors of [6], obeying the inequality %Cr + 2% Si > 24 
means arresting and eliminating the carburising process. On the 
other hand, increasing the silicon content may reduce the 
mechanical properties of cast steel, especially at ambient 
temperature, and therefore this element is usually added to cast 
steel in amounts of up to 2.5% (see PN-EN 10295:2004). 
Manganese in cast steel should not go above 1.5% (see PN-EN 
10295:2004). Everybody knows that manganese may act as 
a substitute to nickel, but no information has been available on 
investigations carried out in this scope currently.  
Niobium and titanium added to cast steel individually or jointly 
reduce the process of its carburising [3, 9]. These elements form 
carbides in the alloy structure, simple or complex [10]. Changes 
in cast steel structure caused by an addition of niobium and/or 
titanium may as well prove unfavourable for the mechanical 
properties and thermal shock resistance [3, 11]. Positive effect of 
both elements on reducing the carburising process follows from 
their precipitation on the privileged crystallographic planes of 
austenite, impeding carbon diffusion to the inside of grains and 
building an oxide layer [12]. 
Aluminium reduces, or eliminates even, the cast steel carburising 
[9], but at the same time it causes very rapid drop of mechanical 
properties, impact resistance in particular [3]. 
Tungsten is used mainly in alloys expected to operate at 
carburising atmospheres at  temperatures above 1000oC. Added to 
cast steel in an amount of 3÷6% it has a reinforcing effect on the 
matrix [1]. 
Cobalt, like nickel, improves the cast steel creep resistance and 
resistance to carburising [1]. Yet, in view of its strategic role and 
price, its wide use in materials assigned for parts of the 
carburising furnaces can hardly be expected. 
 
 

3. Protective coatings  
 

Anticarburising coatings constituted on castings operating in 
carburising furnaces should satisfy the following criteria: heat 
resistance at least the same or better than the heat resistance of the 
substrate, high thermal conductivity, the coefficient of thermal 
linear expansion similar to that of the substrate. Using these 
guidelines, the applicability of aluminium-based coatings of the 
Al-Cu and Al-Si type was evaluated. Coatings were fabricated by 
the following methods  (Fig. 4): pack and slurry cementation, and 
casting. The substrate for the coatings was austenitic cast steel of 
the 36%Ni-18%Cr type. 

Detailed information on the investigations, including 
description of the technology of  coating fabrication and an 
assessment of the resistance to carburising effect and thermal 
fatigue behaviour, is given in [13÷17].  

The method of coating fabrication has an important effect on 
its thickness and the content and morphology of individual 
structural constituents (Fig. 4). The differences result in different 
durability of coatings constituted by the tested methods, when 

operating under the conditions of a carburising atmosphere and 
thermal shocks [13÷17]. 
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Fig. 4. Microstructure of coatings constituted on the casting 

surface by various methods  [14÷18]; 
I – mixture of coating in the form of dense paste applied on the 
casting surface, II – castings immersed in a properly prepared 

mixture of coating 
 
 

4. Machining 
 
 Machining removes the casting skin characterised in respect 
of the deeper parts of alloy by an increased number of defects 
(among others, by micro-shrinkages), and therefore it is said to 
improve the casting resistance to carburising (Fig. 5). Some share 
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in reducing the carburising effect has also the cold work and the 
formation of Beilby layer on the surface  of casting subjected to 
this type of working. 
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Fig. 5. Kinetics of the carburising process in samples  
of 18Cr-36Ni cast steel; different  surface conditions;  

gas carburising  – 900oC [3] 
 

Given the intricate shape of the majority of structural parts, 
reducing the carburising effect by machining of the casting 
surface (Fig. 5), though very effective, is quite often also too 
expensive. Therefore, in practice, machining is applied only to 
small casting mate surfaces [3]. The exception are radiant pipes. 
Their machining does not cause any technical problems, and due 
to this it has been made an obligatory operation.   
 
 

5. Conclusions 
 

Raising nickel content in austenitic cast steels has 
a favourable effect on the physical and mechanical properties of 
castings operating as parts of the carburising furnaces. On the 
other hand, raising the content of carbon, chromium, and silicon, 
or titanium and/or niobium may exert a double effect: negative 
(reducing, for example, the casting resistance to thermal fatigue), 
or positive (reducing the degree of carburising, increasing the 
tensile  and yield strengths of cast steel). Hence it follows that the 
content of these elements in cast steel should be an outcome of 
a compromise between the physical and mechanical properties. 
Yet, this compromise may differ depending on function that the 
casting is supposed to perform in a carburising furnace [3]. 

The examined anticarburising coatings (protective coatings) 
are temporarily satisfying the requirements of high resistance to 
thermal fatigue under the conditions of a carburising atmosphere. 
The recently developed slurry method [17], ensuring in one single 
operation of preheating and holding the formation on the casting 
raw surface of a multi-layer coating (Fig. 4 – II) without the 
necessity to use a protective atmosphere, is expected to raise the 
interest of users of these parts in this method of increasing the life 
of creep-resistant castings. The slurry method II is an object of 
patent application. 
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