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Abstract 

Nickel based superalloys are used extensively in the aero industry and more specifically in the 
hot section of aero engines. These nickel and nickel iron based superalloys are precipitation 
strengthened alloys with a face centered cubic gamma matrix.  

Alloy 718, Allvac 718Plus and Waspaloy have been of great interest in the present study where 
Alloy 718 is a precipitation strengthened nickel-iron based alloy having gamma double prime 
phase (Ni3Nb) as a main strengthening phase up to 650 °C. Waspaloy, another precipitation 
strengthened nickel base superalloy, has very good strength at temperatures up to ~750 °C 
whereas Allvac 718Plus is a newly developed nickel based precipitation strengthened 
superalloys which retains good mechanical properties at up to ~700 °C.  

These three alloys were investigated in terms of how their respective solidification process 
reveals upon cooling. Differential thermal analyses have been used to approach the task. It was 
seen that Waspaloy has the smallest solidification range whereas Allvac 718Plus the largest 
solidification interval in comparison.  
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1- Superalloys 
 

A superalloy is a type of alloy that retains excellent mechanical properties at elevated 
temperature (super good properties at elevated temperatures). This includes excellent creep 
resistance, corrosion and oxidation resistance. The base metal is usually nickel, cobalt or nickel- 
iron. These alloys are commonly used in the aerospace or gas turbine industry, in parts that 
requires excellent mechanical properties at elevated temperatures. Superalloys are also utilized  
in the chemical and petrochemical industries apart from the gas turbine industry. In aircraft gas 
turbine components these superalloys may find their applications in disks, bolts, shafts, cases, 
blades, vanes, combustors, afterburners etcetera (basically anywhere where the temperature is 
above ~500 °C). 

The strengthening mechanisms in superalloys are usually governed by solid solution and/or 
precipitation strengthening [1]. These alloys can be used up to a higher fraction of their melting 
points than any other commercially available alloy system. Refractory materials have higher 
melting points than superalloys but don’t have the desired characteristics and consequently not as 
widely used. It should be noted that the superb strength of superalloys are not only related to its 
chemistry but also to the primary melting, forming and casting techniques. Heat treatment 
procedures may considerably improve the properties. Many alloying elements are added to these 
alloys, all with different purposes, and these may be as many as 14 in some cases [2]. 

 

1.1 Precipitation Hardening Superalloys 

  
Nickel or nickel-iron base superalloys contain elements (usually titanium and aluminium) giving 
Gamma/Gamma-prime phase precipitates upon age heat treatment which provide strength to the 
alloy at elevated temperatures. The Gamma matrix is a face centered cubic (FCC) nickel-base 
austenitic phase which contains a high percentage of solid solution elements such as cobalt, 
chromium, molybdenum and tungsten. Tungsten and molybdenum contribute specifically to 
solid solution hardening due to their atomic mismatch in the austenitic matrix. 

Nickel is the major alloying element in these alloys. Most of the nickel based superalloys contain 
10-20 wt. % chromium, up to 8 wt. % aluminum and titanium, 5-10 wt. % cobalt and small 
amounts of boron, zirconium and carbon. Optional additions are molybdenum, tungsten, 
niobium, tantalum and hafnium. Trace elements such as silicon, phosphorous, sulphur, oxygen 
and nitrogen must be controlled through appropriate melting practices [1]. 

The elemental stew of the alloy leads to a considerable difficulties in composition control since 
many of the elements segregate upon solidification and cooling [3]. Heat treatment compensates 
to some extent in terms of homogenization, but in many cases the segregated elements are 
precipitated as very stable compounds which will not decompose readily by diffusion [2].  



5 
 

Precipitation strengthening age heat treatment is usually performed in several steps. Considering 
two commonly used superalloys also being included in the present study; Alloy 718 and 
Waspaloy, the first treatment to perform is the solution heat treatment. The purpose of this 
treatment is to dissolve secondary precipitates and through quenching from the specific soak 
temperature and dwell time provide a so called supersaturated solid solution. After solution heat 
treatment, the alloy is ready for the age treatment which sometimes is performed in several steps 
in order to precipitate the intermetallic phases, Gamma prime and/or Gamma double prime, 
composed of the proper size and distribution. The optimum size and distribution depends on 
what specific dislocation mechanism which governs the specific loading situation, i.e. shearing 
or cutting [1]. Carbon levels up to 0.3 wt. %, together with titanium, niobium, tantalum and 
hafnium are responsible for the formation of MC carbides. MC carbides might decompose and 
generate other carbides such as M23C6 and M6C, which tend to populate the grain boundaries, 
during heat treatment and service [1]. 

 

1.1.1 Alloy 718 
 

Alloy 718 is a precipitation hardening nickel-iron based superalloy and was invented by H. 
Eiselstein in the 1950’s. The key features of this alloy are associated with high strength in aged 
condition and excellent corrosion resistance [1]. It is the most extensively used material in aero 
engine and space applications for high temperature creep-resistant applications up to 650 °C 
where above it severely degrades [1]. As such, it cannot be used at temperatures higher than 650 
°C due to the instability of its main strengthening phase Gamma double prime (Ni3Nb) - phase 
[3]. Gamma double prime (Ni3Nb) phase is a metastable phase with a body centered tetragonal 
(BCT) structure which transform to the stable δ phase with orthorombic structure and plate-like 
morphology at temperatures above ~650 °C . Gamma double prime phase precipitates are usually 
disk-shaped. It is important to point out that the δ phase lowers the strength of the alloy if present 
in large amounts. However, small amount of this phase can be useful to control and refine grain 
size, resulting in improved tensile properties, fatigue resistance and creep rupture ductility. 
Better mechanical properties are obtained when a small amount of plate like δ phase plates are 
present at the grain boundaries [13]. 

 

1.1.2 Waspaloy 
 

Waspaloy is a registered trademark name of United Technologies Corporation and is a 
precipitation hardening nickel base superalloy. It is commonly used in gas turbine engines as it 
possesses good corrosion and oxidation resistant together with superb creep properties up to 
~750 °C [12]. 

Waspaloy is up to date, the only commercially available option for structural applications above 
650 °C [3]. 
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 It is generally used in both wrought and cast form for gas turbine and aerospace components 
where its strength is comparable to Rene 41 (another Ni based superalloy), and is superior to that 
of Alloy 718 at temperatures above 650-705°C. Waspaloy can be cold-formed in the annealed 
condition, and may also be hot formed at temperatures of 1040°C or above. Weldability is 
somewhat limited by its susceptibility to strain age cracking under conditions of heavy restraint. 
The alloy also exhibits good resistance to combustor gas environments up to ~ 870 °C. The 
drawbacks with Waspaloy compared to that of Alloy 718 belong to difficulties in manufacturing. 
These difficulties are primarily attributed to its very fast precipitation the Gamma prime phase 
(Ni3Al, Ti) as compared to slow precipitation of the Gamma double prime phase (Ni3Nb) in 
Alloy 718 [12]. 

The main carbide phases in Waspaloy are MC and M23C6 phases, which contains titanium, 
nickel, molybdenum, zirconium and chromium [17]. 

 

1.1.3 Allvac 718 Plus 
 

Allvac 718Plus is as well as previously described alloys also a precipitation hardening nickel 
base superalloy. Allvac 718Plus which is a fairly new alloy was developed to fill the temperature 
capability gap that exists in between Alloy 718 (650 °C) and Waspaloy (750 °C) that is, designed 
to meet proper strength requirements at ~700 °C. There have also been demands for a lower 
price and better abilities in manufacturing in comparison to Waspaloy. These requirements have 
been foresight as a minimum to justify development of a new alloy as Allvac 718Plus [12].  

Allvac 718Plus has an increased amount of aluminium, titanium, tungsten and cobalt in 
comparison to Alloy 718 which has been added to achieve higher creep strength, stress rupture 
resistance and thermal stability [19]. The secret behind increased temperature capability is to 
raise the stability of Gamma double prime and Gamma prime strengthening phases by raising the 
solution temperature, retarding Gamma double prime phase change towards δ phase. By 
modifying the precipitation behavior a certain type of morphology of the precipitates may be 
achieved which prolongs the transformation of the metastable phases of Gamma double prime 
and Gamma prime for the stable phases of δ - Ni

3
Nb and/or η - Ni

3
Ti, respectively. It has been 

claimed that Allvac 718Plus benefit from an associated precipitation or compact morphology of 
Gamma double prime and Gamma prime and even mainly as Gamma prime precipitation, whose 
growth rates are lower than separately precipitated Gamma double prime or Gamma prime (as in 
conventional Alloy 718 and Waspaloy) at higher temperatures beyond 650°C. To accomplish 
this it has been concluded that the aluminum content should be raised to a higher level than in 
Alloy 718 (1 - 1.5 wt. %), while keeping the titanium content at a reasonable level (around 1 wt. 
% or less). The ratio Al/Ti should be higher than 1.5 for promoting the stable Gamma prime 
precipitation [3]. 
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1.2 Phase Transformations in Nickel and Nickel Iron Based Superalloys 
 

During the solidification process of the present nickel and nickel iron base superalloys, there are 
three main reactions: 

1. Liquid → Gamma 
2. Liquid → Gamma + MC 
3. L → Gamma + Laves (not applicable for Waspaloy) 

In Alloy 718 the first thing to take place apart from nucleation of nitrides is the Gamma matrix 
phase to nucleate. During solidification the liquid becomes enriched in niobium and carbon 
which result in formation of a non-invariant Gamma/MC eutectic reaction proceeding with more 
enrichment of Nb while depleting C resulting in a final reaction, Liquid through Gamma/Laves 
eutectic reaction which is not encountered in Waspaloy [4]. 

 

1.2.1 Formation of Laves phase 
 

Segregation is a common problem in casting and weld processes. It causes chemical 
inhomogeneity in the metal structure and usually degrades mechanical properties [10]. Laves 
phase, appears as white scripts in the microscope, and is usually encountered in the interdendritic 
regimes of welds and castings in both Alloy 718 and Allvac 718Plus as a consequence of 
partitioning of niobium during the solidification. Laves is a hexagonally close packed phase and 
is formed out of (Ni, Fe, Cr)2(Nb, Mo and Ti). The formation of Laves phase requires a niobium 
concentration ranging from 10-30 wt.% [14]. The core regions of the dendrites exhibit significant 
niobium depletion and the interdendritic regions continued to exhibit extensive enrichment of 
niobium even after post weld solution heat treatment (PWHT). Slight enrichment of 
molybdenum, silicon and titanium has been seen in the interdendritic region as well. 
Homogenization of the weld and cast metal structure usually even out the compositional 
difference of alloying elements to somewhat smaller differences. The δ phase usually coincides 
with the Laves phase since both phases contain fairly high amounts of niobium. Non equilibrium 
solidification becomes very obvious at welding where cooling rate/ heat input is an important 
factor in the weld metals. Segregation is a time dependent phenomenon and hence is affected by 
the cooling rate, as influenced by the heat input, welding process, tooling and joint configuration. 
Slow weld cooling rates result in larger dendritic arm spacings. Coarse dendritic arm spacing 
provides a preferential site for segregation of alloying element during weld solidification. 
Microsegregation results when solute-rich liquid at the solid/liquid interface solidifies between 
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the dendrites. High energy density and high welding speed of welding with very steep 
temperature gradients and minimum supercooling, results in low segregation [10]. With low-
temperature gradients by slow cooled welds, supercooling becomes very extensive and results in 
segregation due to well developed anisotropic dendritic structure. The formation of Laves phase, 
particularly in solidified structure is detrimental. Formation of Laves phase depletes the matrix of 
principal alloying elements required for hardening and represents a weak zone in the 
microstructure, especially in between the Laves phase and the matrix interface which may act as 
a preferential site of easy crack initiation and propagation because of its inherent brittle nature 
.The appearance of Laves phase in cast base metal is also found to reduce the weldability of the 
material by causing micro fissuring during welding. Laves phase for improved weld properties 
has to be directed towards minimizing the segregation, by control of heat input/cooling rate, use 
of suitable welding techniques, etcetera.. Subsequent post welding heat treatment at suitable 
temperatures could reduce segregation through homogenization of the weld structure by 
redistribution of alloying elements. Laves phase in Alloy 718 welds and cast structure can be 
controlled by the use of fast cooling rates, low heat input, heat extraction techniques such as 
chilling blocks in tooling, steep thermal gradients, pulsing techniques, low niobium fillers and 
electron beam oscillation techniques [5]. 

 

1.2.2 Minor elements effect on different phases 
 

In Alloy 718 it has been seen that the nucleation of δ phase in which phosphorous is absent is 
suppressed by the enrichment of phosphorous at grain boundaries. A low level of phosphorous 
resulted in the formation of film-like δ phase along the grain boundaries, while a higher level of 
phosphorous favoured the lathe-like δ phase precipitation. Stress rupture life is greatly improved 
by phosphorous in the range of 0.0008-0.013 wt. %, while it reduces the stress rupture life in the 
range of 0.013-0.049 wt.%. The effect of phosphorous on the stress rupture properties is related 
to its interaction with oxygen [7]. The high aluminium/titanium ratio in Allvac 718Plus increases 
the thermal stability of Gamma prime phase noticeably [14]. High amount of niobium is believed 
to increase the strengthening effect of Gamma prime phase significantly and make its 
precipitation much more sluggish which will consequently enhance hot workability and 
weldability of the alloy. Small amounts of phosphorous and boron improves the creep and 
rupture properties of Alloy 718 and Allvac 718Plus [11]. Strengthening, thermal stability and 
creep/stress rupture resistance is improved by adjusting the iron, cobalt, and tungsten content [3].  

 

1.2.3 Effect of cooling rate on the microstructure 
 

The microstructure obtained during solidification sequence is niobium rich areas in the 
interdendritic regions as usually evidenced by precipitation of Gamma double prime, δ and 
Laves phases. A slow cooling rate facilitates the formation of Gamma double prime and Gamma 
prime phases. 
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Solidification and microstructure are affected by the cooling rate. By increasing the cooling rate 
finer dendritic structure is achieved. 

At very high cooling rates, the primary dendrite shape is altered to a more cell-like form (as in 
welding). As cooling rate increases it has been shown that there is an increased solubility in the 
primary Gamma phase of niobium at the termination of the solidification. The interdendritic 
areas contain less niobium at high cooling rates. In fact, it has been seen that no Laves will form 
if the cooling rate is sufficiently high [8]. 

 

1.3 Aims and Objectives 

Solidification studies of superalloys provide very useful information about the alloy behaviour 
during its transformation from liquid to solid state and specifically the role of different alloying 
elements upon solidification. Formation of different phases during solidification could aid in 
explaining how the specific alloy will behave during processes such as casting and/or welding 
which involves high temperatures. Concerns like segregation and phase reactions kinetics can be 
examined during solidification along with its microstructure to better reveal any detrimental 
effects of different phase constituents that may arise from the solidification. 

The aim of the present thesis work is to investigate phase reactions in superalloys. Three alloys 
are investigated, namely; Alloy 718, Allvac 718Plus and Waspaloy. 

The objectives of this work are to determine the solidification interval for Alloy 718, Allvac 
718Plus and Waspaloy and to examine the effect of cooling rate on the solidification process. 
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2- Test Procedure and Experimental Setup 

2.1 Differential Thermal Analysis Setup 
 

Thermal analysis is a method used to measure a physical property of a material as a function of 
its temperature. The obtained measurements are the basis for calculations of thermodynamic 
properties such as enthalpy and specific heat. 

Through differential thermal analysis (DTA) studies it is possible to determine phase reactions 
and solidification phenomenon of alloys. The heat loss to the surrounding and the influence of 
the thermocouple wires can more or less be neglected [9]. 

The samples used in the present study have the following dimensions and can be visualized in 
figure 1 below: 

Outer diameter of the sample = 7.5 mm 

Length of the sample = 13 mm 

Depth of the cylindrical hole in the center = 8 mm 

Diameter of the hole = 3.5mm 

 

Figure 1. Sample used in DTA test. 

 

The actual set-up of the DTA equipment and recording system used in present investigation is 
shown in figure 2 a and 2 b. 
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Figure 2 a. DTA equipment 2 b. DTA recording system. 

 

2.1.1 Experimental Methodology 
 

DTA experiments have been carried out on Alloy 718, Allvac 718Plus and Waspaloy. Each 
thermal cycle had a heating, soak and cooling part in which the samples have been heated up to 
the liquidus temperature, soaked at that temperature and then cooled down to a temperature 
below the solidus temperature. The starting temperature was set to 25 ºC and 1400 ºC as the 
maximum soak temperature since all of the present alloys are fully liquid at this temperature. 

The samples were subjected to two thermal cycles with cooling rates of 6 K/min and 10 K/min, 
respectively. The soak temperature was 1400 °C for a dwell time of ~300 s. This dwell time was 
selected in accordance with a previous study on Alloy 718 [6]. 

Before testing, all samples were weighed. The ceramic tube was cut by a high speed steel cutter 
to fit the sample where after the sample was placed in an alumina crucible which was covered by 
a ceramic lid. Another crucible and thermocouple was used for the graphite reference. The whole 
sample assembly were covered by a ceramic shielding tube to ensure protection from 
contamination. 

At testing, the power was switched on and start mode initiated. The recording unit was set to 
heating mode. Argon and water was tapped on before starting experiments. When the 
temperature reached the maximum limit, after 300s of dwell time, cooling mode was initiated 
whereas the sample cooled to room temperature. Argon inert gas protection and water cooling 
were shut off and stop mode initiated by end of experiment. The recorded data was collected and 
exported to a excel data sheet. Two different graphs were derived, one graph revealing the 
reference and furnace temperature and a second one showing their respective differential curves 
for analyzing the experiments. 
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2.2 Experimental Analysis 
 

Thermal analysis is generally carried out to investigate the melting, solidification and phase 
reactions for different alloys [11]. Cooling curves can be used to determine the liquidus, solidus 
temperatures and also the total time of solidification [16]. 

The cooling curves are generally presented in a temperature and time plot. A change in slope of 
the curve indicates a phase reaction. Different cooling rates influence phase reaction 
temperatures and can be analyzed by plotted thermographs [9].  

Calculation of the heat of fusion for a sample is based on the law of energy. The law of energy 
gives, for the case when no phase transformation is going on, i.e. before and after the 
solidification process. The heat of fusion can be estimated by the following equations: 

 

where 

 

dTs /dt= Cooling and heating rate of the sample 

Cp= Specific heat of the sample 

Vs = Volume of the sample 

∆H= Heat of fusion or latent heat of solidification 

df/dt = solidified fraction rate 

Ts = Sample temperature 

Tf
 = Furnace temperature 
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h = heat transfer coefficient 

 

Heat of fusion can be estimated by using the above equations. A DTA-apparatus measures the 
cooling curve in terms of cooling rate of the sample, solidification time and temperature of the 
surroundings. The heat of fusion can be estimated  by the following relation: 

 

 / e
p

s s ref
s ref s

C dT dt
H T T dt

T T
  

   (5) 

 

where 

 

Ts = Temperature of the sample 

Tref = Temperature of the reference 

η = (Ah + AσεTf
3) 

ρs = Density of the sample 

Vs =Volume of the sample [13] 

 

2.2.1 Determining the Latent Heat of Soldification 
 

The latent heat is determined for respective alloy through four different steps, as follows: 

1. To determine the area underneath the thermograph 
2. To determine  the cooling rate 
3. To determine the temperature difference in between Ts and Tref 
4. Finally perform the calculation using equation no. 5 above 
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3- Results and Discussion 
 

The solidification sequence of the investigated nickel base superalloys starts with a primary 
precipitation of γ-phase, followed by one or two final reactions. The first reaction to take place 
after primary γ-phase is the formation of MC precipitates which in turn is followed by 
presumably Laves phase in Alloy 718 and Allvac 718Plus. The evaluation is based on the 
temperature difference between the sample and the reference, as a function of the temperature of 
the sample. 

Figure 3 and figure 4 show the DTA thermographs for Alloy 718 during the cooling sequence as 
plotted in Microsoft Excel. The differential curve is denominated by the right hand side axis. An 
abrupt deviation in the slope of the differential curve around ~1325 ºC is disclosed at a cooling 
rate of 6 °C/min and 10 °C/min. This is most probable associated with the primary nucleation of 
the γ phase and the start of solidification for Alloy 718. 

The second noticeable deviation (a peak) is around 1250 ºC for Alloy 718 which corresponds to 
the precipitation of MC as shown in figures 3 and 4. The final precipitation event; i.e. the 
precipitation of Laves phase occurs below 1150 ºC depicted by a solid hump in figure 4. 

 

 

Figure 3. Cooling and differential curve for Alloy 718 at a cooling rate of 6 °C/min. 
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Figure 4. Cooling and differential curve for Alloy 718 at a cooling rate of 10 °C/min. 

In Allvac 718Plus and Waspaloy the first deviation are at a higher temperature. Especially 
Waspaloy has a higher liquidus temperature compared to Alloy 718 which can be noticed in 
figure 7 through 8. Allvac 718Plus do as well as Alloy 718 reveal both MC and Laves reactions 
upon solidification. The MC reaction takes place at around 1280 °C followed by the Laves 
reaction at 1150 °C.  

 

 

Figure 5. Cooling and differential curve for Allvac 718Plus at a cooling rate of 10 °C/min. 
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Figure 6. Cooling and differential curve for Allvac 718 Plus at a cooling rate of 6 °C/min. 

 

The thermographs for Waspaloy as revealed in figure 7-8 are smoother in comparison with Alloy 
718 and Allvac 718Plus. It is therefore not as easy to determine any relevant phase reaction 
taking place during the cooling sequence. However, apart from the primary gamma phase 
revealed by the main peak in the thermographs a small indication of what is presumable believed 
to be MC is disclosed in figure 9 at around 1260 °C. 

 

 

Figure 7. Cooling and differential curve for Waspaloy at a cooling rate of 10 °C/min. 
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Figure 8. Cooling and differential curve for Waspaloy at a cooling rate of 6 °C/s. 

 

The latent heat was calculated for all superalloys following the procedure lined out in the 
sections above and is disclosed in table 1 together with the solidification range. A more detailed 
assessment of the calculations can be found in Appendix 1. 

The heat of fusion means the amount of energy needed to melt a unit mass or a mole of the 
substance; i.e. the total amount of energy needed to break the bonds between the atoms in the 
crystal lattice. 

 

 The heat of fusion values are lower for Alloy 718 and higher for Waspaloy and Allvac 718Plus. 
The cooling rates used in present investigation have not affected the values. The latent heat value 
for Alloy 718 is on a lower side as investigated in literature. For Alloy 718 Hasse and Antonsson 
estimated the value to 172 KJ/Kg [6].  
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Figure 9. Cooling curves for Alloy 718, Allvac 718Plus and Waspaloy at cooling rate of 10 
°C/min. 

 

Table 1. Latent heat of solification and solidification range of Alloy 718, Allvac 718Plus and 
Waspaloy. 

Parameter Alloy 718 Allvac 718Plus Waspaloy 

Latent heat of solidification [kJ/kgK] 152 346 227 

Solidification interval [°C] 175 190 100 
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Table 2. Comparison of Reaction Temperatures [°C] for Alloy 718 with Ballantyne et al & 
Eiselstein's Data [4&20]. 
 

Phase Reactions Ballantyne et al Eiselstein This study 

Liquid → Gamma 
 

1340 1260 1325 

Liquid→Gamma+ MC 
 

1270 1227 1250 

Gamma →  Laves 1157+/- 17 1177 1150 

 

Table 3. Comparison of Reaction Temperatures [°C] for Waspaloy with Murata's Data 
[20]. 
 

Phase Reactions Maruta This Study 

Liquid → Gamma 
 

1372 1360 

Liquid→Gamma+ MC 
 

1240+10 1260 

Gamma →  Gamma Prime 1045+/-5 Undetermined 
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4- Conclusions 
 

The main conclusions are: 

 

1. Alloy 718 and Allvac 718Plus reveals two exothermic reactions upon solidification 
whereas Waspaloy reveals one reaction. 
 
 

2. Alloy 718 (175 °C) and Allvac 718Plus (190 °C) have a larger solidification interval in 
comparison with Waspaloy (100 °C). 
 
 

3. The latent heat of solidification is lowest for Alloy 718 and largest for Allvac 718Plus 
with Waspaloy in between. 
 
 

4. No effects of cooling rate (6-10 °C/min) were seen to affect the solidification process of 
Alloy 718, Allvac 718Plus and Waspaloy in the present study. 
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Appendix 1 

Method to find Heat of Fusion for Allvac 718 Plus at 10 K/min 

Step 1- To find the Area under the curve 
In this step we calculate the number of meshes which came out to be 414. Then we measure the 
size of one mesh which is 3*1,5 mm. Then we convert the area into K*s. For this on x-axis we 
have 13mm=200sec and 1 mm would be 15,384 seconds and on y-axis we have 50°C=11mm and 
1 mm would be 4,545°C. 

Now the final area is: 

414*(3*1.5)*(15,384*4,545) = 130261,48164 Ks 

 

Step 2- To find the cooling rate dT/dt 
The cooling rate is 10 K/min.  Dividing this value by 60, we get cooling rate in K/s which is 0, 
1667 K/s. 

 

Step 3- To find Ts-Tref 
From the attached cooling curve and excel data we find the difference Ts-Tref which came out to 
be 4,4. 

 

Step 4-Putting the values in equation 
The equation used is: 

 / e
p

s s ref
s ref s

C dT dt
H T T dt

T T
  

 
 

Cp value is taken to be 700 J/Kg.K. 

By putting the values in the equation above we have heat of fusion value 345,4593 KJ/Kg. 

 

Method to find Heat of Fusion for Alloy 718  at 10 K/min 

Step 1- To find the Area under the curve 
In this step we calculate the number of meshes which came out to be 461. Then we measure the 
size of one mesh which is 3*1 mm. Then we convert the area into K*s. For this on x-axis we 
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have 13mm=200sec and 1 mm would be 15,3846 seconds and on y-axis we have 50°C=12mm 
and 1 mm would be 4,167°C. 

Now the final area is: 

461*(3*1)*(15,3846*4,167) = 88660,8498 Ks 

 

Step 2- To find the cooling rate dT/dt 
The cooling rate is 10 K/min.  Dividing this value by 60, we get cooling rate in K/s which is 0, 
1667 K/s. 

 

Step 3- To find Ts-Tref 
From the attached cooling curve and excel data we find the difference Ts-Tref which came out to 
be 6.8. 

 

Step 4-Putting the values in equation 
The equation used is: 

 / e
p

s s ref
s ref s

C dT dt
H T T dt

T T
  

 
 

Cp value is taken to be 700 J/Kg.K. 

By putting the values in the equation above we have heat of fusion value 152.144 KJ/Kg. 

 

Method to find Heat of Fusion Waspaloy  at 10 K/min 

Step 1- To find the Area under the curve 
In this step we calculate the number of meshes which came out to be 208. Then we measure the 
size of one mesh which is 2,5*3 mm. Then we convert the area into K*s. For this on x-axis we 
have 13mm=200sec and 1 mm would be 15,384 seconds and on y-axis we have 50°C=14mm and 
1 mm would be 3,57°C. 

Now the final area is: 

208*(2,5*3)*(15,384*3,57) = 85676,5728 Ks 
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Step 2- To find the cooling rate dT/dt 
The cooling rate is 10 K/min.  Dividing this value by 60, we get cooling rate in K/s which is 0, 
1667 K/s. 

 

Step 3- To find Ts-Tref 
From the attached cooling curve and excel data we find the difference Ts-Tref which came out to 
be 4.4. 

 

Step 4-Putting the values in equation 
The equation used is: 

 / e
p

s s ref
s ref s

C dT dt
H T T dt

T T
  

 
 

Cp value is taken to be 700 J/Kg.K. 

By putting the values in the equation above we have heat of fusion value 227,2181 KJ/Kg. 

 

 

 

 


