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Abstract- Experimental program Development of high-temperature heat exchangers using advanced manufacturing 
technologies, mechanical design and materials was focused on the prototype production of the heat exchangers by means of 
conventional and progressive manufacturing methods. Developments in the additive manufacturing (AM) processes and the 
introduction of new and / or modified alloys gave engineers liberty not only in the design. Metallographic characteristics of the 
nickel-based alloys were the main objectives of the research. The results will contribute to the design and construction of the 
plate heat exchanger.  
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I. INTRODUCTION 
 
The main objectives of the projectDevelopment of 
high-temperature heat exchangers using advanced 
manufacturing technologies, mechanical design and 
materials is to design new types of the 
high-temperature gas/gas heat exchanger for 
applications in industrial and energy sectors, as well as 
for the new generation of nuclear reactors. The 
materials, which are applied in these sectors, are either 
stainless steels or nickel superalloys. 
Nickel-based alloys have become standard for 
high-temperatureapplications. These alloys generally 
offer high corrosion and wear resistance when 
exposed to high temperatures. Conventional 
production of these alloys is well established;however 
boom in the field of additive manufacturing has 
opened a new way of the manufacturing procedure. 
The investigated components were processed from 
Incoloy alloy 800 HT (1.4959) and Inconel 718, 
materials ideal for high-temperature applications such 
as gas turbine parts, instrumentation parts, power and 
process industry parts up to 700 - 800 °C[1] - [3]. 
Materials produced by AM exhibit specificities 
compared to commonly produced components. From a 
material perspective, AM products show a strong 
dependence on the process parameters.The entire 
process chain of the additive manufacturing, which 
will be in near future similarly important to 
conventional methods, also highly influences the 
microstructure of the component.  
AM products are composed of tiny weld beads 
so-called “melt pools”, generated by the laser. A 
certain pattern of texture can be expected due to the 
fast and directional solidification. The resultant heat 
transfer and fluid flow affect the size and shape of the 
melt pools, the cooling rate, and  
the transformation reactions in the melt pool and 
heat-affected zone[4] - [7]. Metallographic 
characteristics were performed by means of optical 
and scanning electron microscopy enhanced by 
electron backscattering diffraction analysis, a unique 

tool for assessing the material texture. After the 
literature search on the materials used nowadays for 
high-temperature heat exchangers, austenitic steels 
and nickel alloys were proposed for this research. This 
contribution will deal with the analysis of nickel 
alloys. 
 
II. EXPERIMENT DESCRIPTION 
 
The experiment consisted of two main parts. In the 
first part, microstructural characteristics of the 
conventionally produced nickel-iron-chromium alloy 
Incoloy 800 HT (1.4959), was tested and analysed in 
as - received and aged conditions at 650 and 850 °C 
with 150 hours holding time. As not every material 
was found to be suitable for additive manufacturing, 
further tests were performed withthe material Inconel 
718. Direct Metal Laser Sintering (AM) methodwas 
involved in the second part of the experiment.The 
additively manufactured Inconel 718 was 
stress-relieved at 980 °C for 1 hour and air cooled. 
The chemicalcomposition of the alloys was measured 
by optical emission spectrometer BRUKER Q4 
TASMAN. The results are given in Legend: LM 
(Light microscopy) 
. Hardness HV 10 was measured according to ISO 
6507 – 1on Struers Durascan 50 (SeeTable II). 
Legend: LM (Light microscopy) 

Alloy
Element (wt. %) 

C Si Mn Cr Ni Al Ti Fe 

800 
HT 

0.07 0.26 0.80 19.93 31.10 0.46 0.57 bal. 

IN 
718 

0.06 0.06 0.09 18.45 53.06 0.50 0.98 17.96

Table I. Chemical composition of experimental materials 
 
A. Microstructural analysis 
The analysed samples were subjected to standard 
metallographic preparation – i.e. grinding and 
subsequent polishing. The microstructure of the 
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sample was revealed by etching in the V2A reagent 
and documented using a Carl Zeiss-Observer.Z1m 
optical microscope. The microstructure was also 
analysed by SEM analysis performed on the Jeol JSM 
6380 scanning electron microscope. The local 
chemical composition was measured using the 
INCAx-sight EDX analyser.  
The homogeneous microstructure of Incoloy  
800 HT consists of an austenitic matrix with carbide 
precipitates in grains and at the borders of austenitic 
grains (Fig. 1). With increasing temperature and 
ageing, carbides precipitated inside the grain. Grain 
coarsening trend with increasing time and the ageing 
temperature was not observed in this alloy (Fig. 2, Fig. 
3). Specimens were subjected to EDX analysis for 
identification of intermetallic particles and secondary 
phases. EDX analysis of Incoloy revealed the presence 
of complex carbides composed of Cr, Nb and Ti within 
the grains and chromium carbides (likely Cr23C6) on 
the grain boundaries (Fig. 4). Additively manufactured 
Inconel 718’smicrostructureconsisted of an austenitic 
matrix with small, uniformly dispersed ’ and ’’  
precipitates,  δ phase plates and discontinuous M23C6 
grain boundary carbides (see Fig. 5 and Fig. 6). 
 

 
Fig. 1 Incoloy 800 HT _as_recieved state. LM 

 

 
Fig. 2 Incoloy 800 HT 650°C - 150 h. LM 

 

 
Fig. 3Incoloy 800 HT_850°C - 150 h. LM 

 

 
Fig. 4Results of EDX measurements on Incoloy 800HT 

specimen on particles within the grains 
 

 
Fig. 5 IN 718_LM 

 

 

 
Fig. 6 Results of EDX measurements on Inconel 718 
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Specimen HV10 

Incoloy 800 HT 

As received 120 

650°C - 150 h 183 

850°C – 150 h 142 

Inconel 718 As received 387 
Table II. Results of hardness testing 

 
B. Electron Backscatter Diffraction Analysis 
(EBSD) 
The microstructure of Inconel 718 consists of an 
austenitic matrix with thepresence of columnar grains 
in the Z-building direction. Fig. 7 shows band contrast 
- image quality. This indicates the "sharpness" of the 
Kikuchi lines for each index point. The lighter the 
point in the image  
(in the grayscale), the diffraction pattern of the 
Kikuchi line is sharper at that point. By default, the 
smallest sharpness (and hence the darker points in the 
picture) is achieved by indexing at grain boundaries, 
phase intervals, pores, inclusions, etc.  
Fig. 8 shows the orientation of the individual grains  
of phases using the Inverse Pole Figure (an inverted 
pole pattern). In the Inverse Pole Figure are projected 
spheres aligned with the directions of the crystals. 
Sketched directions are a stereographic design of the 
directions of the crystals parallel to the normal 
direction(ND), the parallel direction (RD) or the 
transverse direction (TD) in the sample. An inverse 
pole pattern can help to visualize certain types of 
textures. Thus we can determine that, for example, the 
grain has the same orientation of the crystal lattice as 
several grains coloured with an identical colour.Fast 
and directional coolingduring the AM 
processingresulted in a certain degree of texture, 
which is obvious from Fig. 9. 
 

 
Fig. 7 IQImage 

 

 
Fig. 8 IPF - IQ Image 

 
Fig. 9EBSD analysis pole figures 

 
III. CONCLUSION 
 
Two nickel alloys were selected for experiment 
dealing with microstructural properties of 
conventionally and additively manufactured 
superalloys.The grain size of conventionally 
manufactured Incoloy 800HT was not affected after 
ageingat two temperatures 650 and 
850°C.Nevertheless, 
the precipitation of carbides within the grains and  
on the boundaries was observed in this material. 
The microstructure of additively manufactured 
materialconsiderably differed from that of 
conventionally produced alloy, as fast and directional 
coolingtook place during the processing. Presence of 
precipitatesin the nickel-chromium alloy Inconel 718 
microstructure, contributed to  
the strengthening of the matrix, which was reflected  
in the increase in hardness values.The DMLS 
processed heat exchangerwill be tested in the 
experimental helium loop. The test results will serve 
mainly for the design and construction of a short-time 
service helium-helium heat exchanger.  
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