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In recent years, the push to reduce fuel consumption and emissions in turbines, designs have 

focused on achieving higher operating temperatures, which require materials capable of 

sustaining elevated temperatures in industrial applications. The development and production 

of the nickel-base superalloy VDM780, with an operating temperature above 750 °C 

(nominally 780 °C), have been pursued to meet this demand. This superalloy is often 

considered a suitable alternative to Inconel 718. The present study demonstrates the 

thermomechanical processing can significantly accelerate homogenization, enabling the 

production of a wrought structure in VDM780 with minimal heat treatment. A cast ingot of 

the VDM780 superalloy was first prepared using a vacuum induction melting (VIM) furnace, 

without employing refining processes such as electroslag remelting (ESR) or vacuum arc 

remelting (VAR). The conditions for homogenization and hot rolling were then investigated 

using simultaneous thermal analysis (STA). The results show that a homogenization 

temperature of 1160 °C provides adequate homogenization, resulting in a microstructure that 

is well-suited for workability.                    
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1. Introduction 

VDM780 is a wrought nickel-based superalloy 

introduced in 2014, designed to retain the good 

workability of IN718 alloy while extending its usability 

to high temperatures (above 650 °C). Although initially 

introduced as a "new type IN718", the similarity between 

the two alloys is limited to their comparable workability. 
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The high strength of VDM780 originates from γ′-Ni3(Al, 

Ti) precipitates, whereas IN718 achieves its strength 

primarily through γ′′ precipitates. This difference in the 

strengthening phase is the fundamental distinction 

between the two alloys and determines their operating 

temperature ranges. At temperatures of VDM780 (above 

650 °C), the γ′′ strengthening phase in IN718 becomes 
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unstable, resulting in a significant reduction in strength. 

Consequently, alloy VDM780 exhibits greater similarity 

to Waspaloy, as both share comparable operating 

temperatures and rely on γ′ precipitates for 

strengthening. However, the development of VDM780 

addresses a major shortcoming of Waspaloy. The 

primary drawback of Waspaloy is the narrow thermal 

window, approximately 15 °C, between the dissolution 

temperatures of γ′ and M23C6 phases, which severely 

restricts its workability [1, 2]. 

In this new superalloy (later named VDM780), 

efforts were made to develop a suitable replacement for 

IN718 for industrial applications such as aerospace and 

land-based gas turbines, with a minimum operating 

temperature of 750 °C and a formability window 

exceeding 100 °C [3]. 

In addition to the γ′ phase, which primarily 

contributes to the high-temperature strength of the 

superalloy, another phase aids in grain refinement. In 

early studies on VDM780, this phase was identified as 

δ-Ni3Nb with a D0a crystal structure. However, more 

recent investigations using high-resolution transmission 

electron microscopy have also identified the ordered η-

Ni6AlNb phase, which forms a layered structure with 

discrete η and δ particles [4, 5]. The formation of this 

phase is significantly slower compared to the γ′ phase, 

indicating that longer heat treatment processes are 

required for its precipitation. Notably, no studies to date 

have reported the presence of carbides in VDM780. 

Therefore, to strengthen grain boundaries and prevent 

grain growth, it is critical to generate sufficient high-

temperature precipitates during heat treatment [6]. 

Following the completion of research by Federova 

and other members of the research team comprising 

experts from VDM and the Technical University of 

Braunschweig, industrial property rights and a U.S. 

patent for the nickel-based superalloy, commercially 

known as VDM780, were registered in 2015. Shortly 

thereafter, European and Japanese patents were also 

secured for this superalloy. Due to the interest garnered 

from certain industrial manufacturers, a German patent 

for the composition of the VDM780 superalloy was 

registered in 2020 [7, 8]. 

In a study on VDM780 conducted by Solis and 

colleagues [9], the presence of the γ matrix and the 

strengthening γ′ phase was confirmed, with no evidence 

of the γ′′ phase under any heat treatment conditions. 

Generally, the dissolution of γ′ begins at 800 °C, and by 

970 °C, no trace of the γ′ phase remains. As a result of 

this dissolution, Al and Nb, the primary constituents of 

γ′, become integrated into the γ matrix. Since their 

atomic sizes are larger than those of Ni, Cr, and Co (the 

main elements forming the γ matrix), they significantly 

strengthen the matrix phase and increase the lattice 

parameter of γ [10, 11]. 

In a study focusing on the physical properties of 

welded VDM780 samples, scanning electron 

microscopy (SEM-EDS) revealed precipitates of Nb-

rich particles and eutectic γ/Laves phases [12]. However, 

investigations of solution-annealed wrought samples 

showed no precipitates indicating the potential to 

eliminate these precipitates through appropriate heat 

treatment [13]. 

Other research findings indicate that in the VDM780 

superalloy, δ and η precipitates form both as plates and 

as fine layers alongside each other to stabilize grain 

boundaries. This behavior was further clarified through 

transmission electron microscopy (TEM) studies, which 

identified three distinct phases in addition to the γ 

matrix. The γ′ phase appears as cubic precipitates, while 

the δ and η phases can form individually or coexist 

within the matrix. The δ and η phases exhibit blocky 

morphologies but may also form as layered structures 

within the same region, making them difficult to 

distinguish in such configurations [14]. 

Regarding the nature and composition of plate-

shaped precipitates, studies using high-resolution TEM 

images have examined the structure of blade-like 

precipitates in the VDM780 superalloy. These studies 

revealed that the blades consist simultaneously of δ and 

η phases. It was reported that these two phases form in a 

layered arrangement with distinct structures, 

orthorhombic for δ and hexagonal for η, within the plate-

shaped phase boundary. These blades display a 

simultaneous distribution of both precipitates, making 

differentiation between them challenging [4, 5]. 
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Other investigations into the formability of the 

VDM780 superalloy reported a significant presence of 

twins in the initial wrought structure and an average 

grain size of approximately 20 µm for industrially 

produced samples [3, 15, 16]. Studies comparing the 

effect of microstructure on the mechanical properties of 

VDM780 with other common superalloys highlighted its 

relative superiority. These studies noted that if forming 

and heat treatment conditions are optimized to control 

the γ matrix grain size and γ′ precipitate distribution, the 

alloy’s strength, due to achieving a fine-grained 

structure, can surpass that of many industrial superalloys 

[17, 18]. 

Investigating into the hot deformation behavior of 

VDM780 in the temperature range of 1000 to 1150 °C 

emphasized the significant influence of dynamic and 

post-dynamic recrystallization. In some cases, 

maintaining the deformed sample at high temperatures 

for only a few minutes after deformation resulted in a 

several-fold increase in the recrystallized fraction [19, 

20]. 

Most studies on this superalloy have utilized wrought 

samples as the starting material. Limited research has 

addressed the as-cast microstructure of the VDM 780 

superalloy, and there remains a significant research gap 

concerning the homogenization process and the 

transformation of the as-cast structure into a wrought 

microstructure. This study makes a novel contribution by 

employing as-cast ingots instead of forged ones, 

focusing on homogenization through thermomechanical 

processing, and offering a new perspective on enhancing 

the alloy's microstructural properties.  

The primary objective of this study was to identify 

suitable conditions for transforming a vacuum induction 

melted (VIM) cast sample into a wrought component 

without the use of electroslag remelting (ESR) or 

vacuum arc remelting (VAR). To achieve this, a 

thermomechanical cycle was designed to perform 

sequential homogenization and hot rolling, thereby 

fabricating a wrought material from the VDM780 

superalloy. 

 

2. Experimental Procedure 

For laboratory casting and production of the VDM780 

superalloy, a vacuum induction furnace (10⁻³ mbar) was 

used. The chemical composition of the alloy was verified 

using a spark optical emission spectrometer. The 

chemical composition of the ingot obtained after VIM 

casting is presented in Table 1. As shown, the measured 

composition is in close agreement with the reported 

values for this superalloy [7–9]. 

To determine suitable temperatures for heat treatment 

and homogenization, a STA SDT650 device was used 

with a heating rate of 10 °C/min up to 1300 °C. 

Fig. 1 illustrates the thermomechanical process 

employed for forming the VDM780 superalloy. The 

thermomechanical processing was carried out using an 

electric resistance furnace for both homogenizing 

(preheating) and reheating between deformation passes. 

The sample temperature was carefully monitored and 

controlled throughout the forming process using a laser 

pyrometer to ensure precision. After each deformation 

pass, the sample was rapidly transferred (within 10 

seconds) back to the furnace to facilitate post-dynamic 

recrystallization. The forming process was performed on 

a two-high rolling mill over five consistent passes, with 

a constant strain rate of 4 s⁻¹ maintained across all passes. 

After the final pass, the sample was air-cooled to ambient 

temperature. A temperature of 1160 °C was selected for 

two primary reasons: first, based on the STA analysis 

results, it was found to be suitable for homogenization 

and elimination of the as-cast structure; second, it serves 

as an appropriate preheating temperature between rolling 

passes. During rolling, the sample typically experiences 

a temperature drop of approximately 50 to 60 °C upon 

exiting the furnace and being placed under the rolling 

mills. Therefore, by utilizing a preheating temperature of 

1160 °C, the sample temperature during forming was  

Table 1. Mean chemical composition of the VDM780 superalloy cast ingot produced in a VIM furnace (wt. %) 
Element Ni Co Nb Mo Cr Al Ti Zr 

Studied material 48.3 24.07 5.12 2.77 17.3 2.31 0.47 0.007 
Ref. [9] Bal. 25 5.4 3 18 2 0.2 - 
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Fig. 1. Schematic illustration of the thermomechanical 
processing applied to the VDM780 superalloy. The time axis 

is designed as a notional representation without a specific 
temporal scale. 

 

maintained in the range of 1080–1120 °C. According to 

previous studies, this range is optimal for the deformation 

of this superalloy, enabling both dynamic and post-

dynamic recrystallization [19, 20]. 

Scanning electron microscopy (Philips) and X-ray 

diffraction (Tongda TD3700) were employed for further 

analysis. X-ray diffraction (XRD) analysis was 

performed to characterize the crystallographic structure 

of the samples, using a copper (Cu) target with a 

characteristic Kα radiation wavelength of 1.5406 Å (Cu 

Kα1). The XRD measurements were conducted with a 

step size of 0.04°, an operating voltage of 40 kV, and a 

current of 30 mA. Data were collected over a 2θ range of 

40° to 110° to capture the primary diffraction peaks 

relevant to phase identification and structural analysis. 

The diffraction patterns were subsequently analyzed to 

determine phase composition, lattice parameters, and 

crystallographic orientation, ensuring a comprehensive 

evaluation of the material's microstructural properties. 

For metallographic analysis, the sample underwent 

grinding and polishing processes using diamond paste, 

followed by etching with a solution of HCl (60 vol.%) 

and HNO₃ (40 vol.%). 

 

3. Results and Discussion 

To better understand the as-cast structure, both the 

microstructure and macrostructure of the ingot were 

examined. As shown in Fig. 2(a), a columnar structure is 

present along the ingot’s edges, while equiaxed grains are 

observed at the center. Figs. 2(b) and (c) display 

microstructural images of the cast ingot at two 

magnifications, revealing dendritic blade structures and 

interdendritic phases. These observations are consistent 

with previous reports on VIM-cast ingots of superalloys 

[21]. 

For improved identification of precipitates and 

interdendritic phases, SEM-EDS images were utilized. 

The resulting image and chemical composition of the 

matrix and interdendritic phases are presented in Fig. 3. 

According to this figure (Fig. 3(c)), the matrix contains 

45.1 wt.% Ni and 9.2 wt.% Nb, which aligns relatively 

well with the weight percentages reported in Table 1. 

This suggests that the matrix phase exhibits only minor 

compositional variations, while interdendritic phases are 

enriched in Nb (Figs .3(b) and (d)). Similar precipitates 

reported in previous studies are likely associated with 

γ/Laves eutectic phases [12]. 

To determine the suitable temperature and duration 

for homogenization and hot rolling, STA analysis was 

performed. As shown in Fig. 4, points 1 and 2 correspond 

to the dissolution of the γ′ phase at approximately 915 °C 

and the dissolution of eutectic phases and undissolved 

particles at around 1170 °C, respectively. The γ′ 

dissolution temperature obtained here is consistent with 

values reported in previous studies [3, 13, 14]. 

Despite differences in casting methods, 

thermomechanical cycles, and forming conditions 

compared to prior studies, the similarity in material 

behavior properties at these temperatures validates the 

 
 

 
Fig. 2. As-cast structure of the VDM780 superalloy ingot: (a) 

macrostructure, and (b, c) microstructures at different 
magnifications. 
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Fig. 3. (a) SEM image and (b-d) EDS analysis for three points of the VDM780 superalloy cast ingot produced in a VIM furnace. 

 

Fig. 4. STA analysis of cast and hot-rolled VDM780 
superalloy samples in the temperature range 900 to 1300 °C 

at a heating rate of 10 °C/min. 

 

effectiveness of the optimized processing route 

developed in this study. By integrating deformation and 

heat treatment within a streamlined thermomechanical 

cycle, and eliminating additional refining steps (such as 

ESR & VAR), wrought components with 

microstructural and mechanical characteristics 

comparable to conventionally forged parts were 

successfully produced. This demonstrates the potential 

of the proposed abbreviated process to deliver high-

quality materials while enhancing production efficiency. 

Based on the STA analysis results, a homogenization 

treatment at 1160 °C for 2 hours was selected, followed 

immediately by hot rolling. A total deformation of 70% 

was achieved in five stages, with 5-minute intervals 

between each stage to allow for post-dynamic 

recrystallization (PDRX). After forming, the sample was 

air-cooled (Fig. 1). Fig. 5 shows an optical microscopy 

image of the hot-rolled sample, revealing an average 

grain size of approximately 20 µm and a hardness of 

about 520 HV30.  

 

 
Fig. 5. Microstructural image of the VDM780 superalloy after 
hot rolling at 1160 °C with a 70% reduction. Arrows indicate 

the presence of twins. 
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The hardness of the as-cast specimen was measured 

at 348 HV30 prior to deformation. Following 

thermomechanical processing, which involved hot 

rolling and subsequent heat treatment, the hardness 

increased markedly to 520 HV30. This improvement can 

be attributed to several microstructural changes induced 

by processing. During hot rolling, plastic deformation 

leads to the formation of a refined grain structure and 

increased dislocation density. Additionally, 

thermomechanical treatment promotes dynamic and 

post-dynamic recrystallization, producing fine grains 

and stabilizing the newly formed grain boundaries [17]. 

The combined effects of grain refinement, higher 

dislocation density, and the elimination of casting 

defects are likely responsible for the observed increase 

in hardness from 348 HV30 to 520 HV30. 

In Fig. 5, the presence of twins and the obtained grain 

size are consistent with wrought samples produced by 

forging in previous studies [3, 15, 18]. Although a full 

mechanical property evaluation was beyond the scope of 

this study, the hardness obtained (520 HV30) is 

comparable to values reported for wrought VDM780, 

suggesting acceptable transformation from cast to 

wrought structure. 

As observed in Fig. 5, no traces of dendritic 

structures or interdendritic phases are observed. The 

elimination of undissolved particles and eutectic phases 

is further supported by the STA analysis results in Fig. 

4. Points 3 and 4 in Fig. 4 correspond to the dissolution 

of γ′ (around 950 °C) and high-temperature η and δ 

precipitates (around 1100 °C), respectively. The 

temperature range between points 3 and 4 is recognized 

as the forming window for the VDM780 superalloy, 

consistent with values reported in previous studies [6, 7]. 

Additionally, the absence of heat flow changes above 

1100 °C confirms the lack of undissolved particles and 

eutectic phases. 

The X-ray diffraction (XRD) results for the hot-

rolled sample are presented in Fig. 6. As observed, the 

known precipitates in the VDM780 superalloy, 

previously identified in other diffraction studies, are also 

present in the hot-rolled sample [9, 10]. The absence of 

peaks corresponding to interdendritic compounds and 

eutectic phases indicates the successful formation of a 

suitable wrought structure and the complete elimination 

of the original VIM cast structure. The material obtained 

in this study can serve as an appropriate wrought blank 

for further investigations into solution annealing and 

aging treatments of the VDM780 superalloy. The 

elimination of the as-cast structure and the development 

of a wrought microstructure after hot rolling can be 

attributed to the concurrent application of 

homogenization and hot deformation process. Previous 

studies have shown that hot deformation can promote the 

removal of the dendritic structure in cast components 

[22].

 

 
Fig. 6. X-ray diffraction (XRD) patterns of the VDM780 superalloy sample after hot rolling.
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In the present alloy, the elimination of the cast 

structure is mainly attributed to the combined effects of 

homogenization and hot deformation. Hot deformation 

accelerates homogenization by introducing a high 

dislocation density and facilitating dynamic and post-

dynamic recrystallization. During hot rolling, severe 

plastic deformation produces a large number of 

dislocations, which serve as fast diffusion paths for 

alloying elements [23]. These dislocation networks 

increase atomic mobility and significantly enhance 

diffusion kinetics compared to static heat treatment, 

where diffusion relies only on thermal activation. 

Additionally, dynamic recrystallization during hot 

deformation promotes the formation of fine, equiaxed 

grains, which further refining the microstructure and 

disrupt the dendritic network. Post-dynamic 

recrystallization, occurring during cooling, stabilizes the 

new grain boundaries and reduces chemical 

inhomogeneities. Together, these mechanisms enhanced 

diffusion through dislocations and recrystallization-

driven refinement results in a faster and more effective 

elimination of the cast structure compared to static 

annealing, where such dynamic processes do not occur 

[24]. 

Furthermore, due to the multi-stage nature of the hot 

rolling process within the thermomechanical cycle 

employed in this study, the initial workpiece, after 

deformation and before the next pass, was held at high 

temperature for a short period of time to facilitate the 

conditions for post-dynamic recrystallization. Haghighat 

et al. [19, 20] reported that in the VDM780 superalloy, 

the recrystallized fraction in the deformed material 

exhibits a significant increase after only a few minutes 

of exposure to high temperatures. 

 

4. Conclusions 

In this study, a wrought sample of the VDM780 

superalloy was successfully produced from a laboratory-

scale VIM-cast ingot. The as-cast dendritic structure and 

interdendritic precipitates were characterized through 

microstructural analysis and electron microscopy 

analysis. Simultaneous thermal analysis (STA) up to 

1300 °C was employed to determine suitable 

temperature for homogenization and preheating 

temperature of 1160 °C for two hours was selected, 

followed by hot rolling with a total 70% reduction. The 

resulting hot-rolled, microstructure exhibited an average 

grain size of approximately 20 µm and a hardness of 520 

HV30. XRD and STA analyses confirmed the complete 

elimination of the dendritic structure and eutectic phases. 

This study demonstrates that, despite differences in 

casting and thermomechanical processing routes, the 

developed streamlined cycle, integrating deformation 

and heat treatment while avoiding refining steps (such as 

ESR & VAR), produces wrought components with 

properties comparable to conventionally forged parts, 

underscoring an efficient approach to obtaining high-

quality materials. 
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