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Abstract 
 

The first selection of best set of parameters for heat treating a cast Allvac 718Plus alloy is 

presented in this paper. The high interest from several aeroengine manufacturers in this new 

alloy with improved temperature capabilities over widely used In718 has driven the development 

of the alloy also in the direction of making available a cast form of it. A first step in this direction 

was to use some available material (billet originally intended to be used for forging other parts) 

as remelting stock for producing a couple of cast rings and use them as test material for 

assessment of different sets of heat treatment parameters. In particular, the application of 

homogenization before HIP and the solution temperature after HIP are discussed. Use of 

hardness measurements and optical microscopy were made to help in the assessment of the effect 

of the homogenization cycle, and also the effect of the different solution temperatures. Other 

techniques such as Scanning Electron Microscope and X-Ray Diffraction were tried for 

identification and quantification of hardening phases. 

 

Introduction 
 

Alloy Allvac 718Plus has been marketed by its inventor, Dr W.D. Cao, and producer company, 

Allvac, and several articles have been published or fostered from the company to show the 

advantages over the widely used In718 [1, 2, 3]. The new alloy claims to offer better mechanical 

properties at those temperatures where In718 has already exhausted its applicability, in the 650ºC 

range. Allvac 718Plus shows improved metallurgical stability at even higher temperatures, up to 

700ºC. In this upper range, no degradation of mechanical properties has been noticed for the new 

alloy [4]. 

 

The alloy was originally developed to be used in its wrought form, but requests from aeroengine 

companies have driven Allvac to perform activities in order to tune-up the chemical composition 

of the alloy in its cast form and also trim the heat treatment of this application. This paper shows 

one of the first efforts to select the heat treatment to be applied to this kind of material.  

 

ITP and CEIT were partners in the European VITAL R&D program, together with Volvo Aero 

Corporation, where several activities were performed to evaluate the new alloy. One of these was 

the production of castings in different geometries, such as separately cast test bars, stair shaped 

plates, hollow rings and a demonstration casting to finally assess castability [5]. The present 

study consisted of heat treatment trials and mechanical property assessments of cast rings. This 

paper covers the heat treatment studies. 
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Experimental Procedure 
 

Several cast Allvac 718Plus solid rings were produced at PCB, Baracaldo, Spain, by the 

conventional investment casting. Dimensions of the rings were 285 mm OD, 225 mm ID, and 

120 mm high. See Figure 1. 
 

    
 

Figure 1. Cast Allvac 718Plus rings produced at PCB. 
 

The remelt stock used for production of these rings was originally intended to be used as forging 

stock. The chemical composition of the material was that of the billet produced for the VITAL 

project, used as remelting stock, given in Table 1: 

 

C Mn Si Cr Mo Co Ti Al B Zr Fe P Nb W V Nickel 

0.19 0.04 0.04 17.8 2.67 9.0 0.75 1.43 0.004 <0.01 9.5 0.01 5.5 1.0 0.02 Bal. 

 

Table 1: Chemical composition of 718Plus alloy for production of cast rings, weight percent. 

 

After completing their initial NDT evaluation, several heat treatments were applied to different 

samples from the rings, as described in Table 2 to study the use of homogenization prior to HIP, 

and solution temperatures from 954ºC to 1066ºC after HIP. 
 

Details of the first steps of heat treatment sequence were as follow: 

Ring 1 was homogenized at 1095ºC for 1 hour, and cooled at 2 bar of Ar pressure. 

Both rings were HIPed at 1120ºC, in Ar gas at 103 MPa for 4 hours. 
 

The rings were then cut and the different samples underwent solution heat treatments at different 

temperatures, as described in Table 2. After these solution heat treatments, samples were aged at 

the usual Allvac 718Plus parameters: 788ºC during 8 hours, cool to 704ºC, hold during 8 hours, 

cool to room temperature. 
 

Finally, the samples received a simulated service treatment of 700ºC for 140 hours followed by 

675ºC for 460 hours. This simulated cycle represents the most severe conditions that the Allvac 

cast 718Plus components might be expected to see. These conditions would preclude the use of 

In718 due to thermal degradation of the material. Only the upper temperature range service 

conditions were simulated. Table 2 shows the whole set of produced samples. HHX is the 
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reference for Homogenised and HIPed sample number X, and NHY is the reference for the only 

HIPed sample numberY. 
 

Solution 

Temperature 
As produced (after HIP) Solutioned Aged Exposed 

Without solution HH0/NH0 Not applied Not applied Not applied 

954ºC N/A HH1/NH1 HH6/NH6 HH11/NH11 

982ºC N/A HH2/NH2 HH7/NH7 HH12/NH12 

1010ºC N/A HH3/NH3 HH8/NH8 HH13/NH13 

1038ºC N/A HH4/NH4 HH9/NH9 HH14/NH14 

1066ºC N/A HH5/NH5 HH10/NH10 HH15/NH15 
 

Table 2: Set of samples investigated, with different solution heat treatment temperatures and 

addition of HIP. 
 

Hardness testing and microstructural observations were used to assess the results of the different 

applied heat treatments. Rockwell C and Vickers measurements were used initially to assess 

macroscopic and microscopic features of the heat treated material. As the scatter of the obtained 

values was outside the valid range in some of the samples, it was afterwards decided to use the 

Brinell scale to allow for comparisons amongst all the different samples. 
 

Results 
 

The values obtained from the Brinell hardness measurements are shown in Table 3. Each value is 

an average of measurements taken af five different points. 
 

 Brinell Hardness, HB 

Heat Treat 

Parameters 
As produced (after HIP) Solutioned Aged Exposed 

Hom, HIP HH0   302    

Hom, HIP, 954ºC N/A HH1   251 HH6   379 HH11   367 

Hom, HIP, 982ºC N/A HH2   256 HH7   356 HH12   364 

Hom, HIP, 1010ºC N/A HH3   226 HH8   364 HH13   373 

Hom, HIP, 1038ºC N/A HH4   217 HH9   351 HH14   389 

Hom, HIP, 1066ºC N/A HH5   218 HH10   371 HH15   413 

HIP NH0   310    

HIP, 954ºC N/A NH1   257 NH6   365 NH11   362 

HIP, 982ºC N/A NH2   261 NH7   358 NH12   369 

HIP, 1010ºC N/A NH3   213 NH8   353 NH13   377 

HIP, 1038ºC N/A NH4   227 NH9   363 NH14   373 

HIP, 1066ºC N/A NH5   221 NH10   373 NH15   383 
 

Table 3: Brinell hardness values of the samples obtained after heat treatment trials. 
 

The values are plotted in Figures 2 and 3. 
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Figure 2: Average values of Brinell hardness on metallographic examples from Homogenized 

and HIPed ring with different solution temperatures. 
 

Brinell Hardness. Only HIPed ring.
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Figure 3: Average values of Brinell hardness on metallographic examples from only HIPed ring 

with different solution temperatures. 
 

Comparison between both sets of data shows that the hardness values of the homogenized 

samples increased after the simulated service exposure conditions, especially the samples that 
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were heat treated at higher solution temperatures. This is attributed to a larger amount of 

available Nb and other hardening elements in the matrix for forming precipitates, as the 

homogenization cycle has contributed to dissolve the segregations and place those elements into 

solution in the matrix. The homogenization heat treatment worked out satisfactorily in spite of 

being 1hr and 1095ºC, that is shorter and at lower temperature that the HIP. In fact, 

measurements on samples revealed that Nb segregations percentages were always reduced by the 

homogenization cycle. Comparing Micrographs 1 versus 2, solutioned at one temperature, and 

Micrographs 3 versus 4, solutioned at another different temperature, the size and percentage of 

Nb segregations are larger in the only HIPed metallographic samples. On the homogenized 

metallographic samples, the phases are more evenly distributed. Measurements of volumetric 

fractions of Nb segregations were perfomed on micrographs of etched material that were 

analysed through Leica Qwin image analysis program. This effect of higher dissolution of the 

segregations (lower volumetric fraction) was confirmed, see Figure 4. 
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Figure 4. Volumetric fraction of Nb segregations in 718Plus cast samples after thermal 

treatments. 
 

At the same time, the higher solution temperatures have also contributed to dissolve larger 

amounts of δ phase, making more Nb and other hardening elements available for forming 

hardening phases. This can be observed when comparing Micrographs 1 and 2 to Micrographs 3 

and 4, respectively. The δ phases formed around Nb segregations extend more into the matrix 

when the solution temperature is lower. At higher solution temperatures, those δ needles are 

dissolved and thus the Nb is free to form other hardening phases. 
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Micrograph 1: Metallographic sample HH1, solutioned at 954ºC from Homogenized and HIPed 

ring. 

 

 

Micrograph 2: Metallographic sample NH1, solutioned at 954ºC from only HIPed ring.  

Larger Nb segregations (than those in Micrograph 1) can be observed. 
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Micrograph 3: Metallographic sample HH5, solutioned at 1066ºC from Homogenized and HIPed 

ring. 
 

 

Micrograph 4: Metallographic sample NH5, solutioned at 1066ºC, from only HIPed ring. 
 

The blocky islands found in these micrographs were assumed to be segregations formed during 

the solidification process of these rather thick rings, with Nb retained in them. This was 

confirmed later on through EDAX analysis in the SEM, see Micrograph 5 and Table 4. 
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Micrograph 5: FEG-SEM (BSE) micrograph of NH5 sample (ST: 1066 ºC) 
 

 

 
 

Spectrum Al Ti Cr Fe Co Ni Nb Mo W 

Spectrum 1 0.64 1.16 2.56 1.56 6.49 54.53 29.54 2.40 1.11 

Spectrum 2 0.21 2.13 3.10 2.90 6.14 53.90 28.15 1.34 2.13 

Spectrum 3 0.47 0.42 10.97 5.34 10.73 34.12 30.27 5.88 1.80 
 

Table 4: EDS micro-analyses of marked zones at Micrograph 5. 
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Discussion 
 

Clearly, on the 982ºC and 1010ºC solution micrographs, more precipitation of acicular δ phase is 

observed than in the 954ºC solution micrographs (darker areas in micrographs). Comparison of 

Micrographs 6, 7 and 8 shows this effect. The blocky islands, whiter zones surrounded by the δ 

phase, were identified as Nb segregations, as explained earlier. 
 

 

Micrograph 6 : Metallographic sample HH6, solutioned at 954ºC and aged, from Homogenized 

and HIPed ring. 

 

 

Micrograph 7: Metallographic sample HH7, solutioned at 982ºC and aged, from Homogenized & 

HIPed ring. 
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Micrograph 8: Metallographic sample HH8, solutioned at 1010ºC and aged, from Homogenized 

& HIPed ring. 
 

However, it is surprising that δ phase is still present at 1038ºC or 1066ºC. This δ phase should 

have been completely dissolved at these temperatures. See Micrographs 9 to 12. 

 

It is thought that the δ phases are still present even after application of very high solution 

temperatures because they are surrounding the Nb segregation areas. For the same heat treatment 

condition, and throughout the different steps, δ phase seems to continue to form from the prior 

as-cast Nb segregation. As the Nb dissolves during heat treatment, there is more Nb available to 

form δ phase. Thus, both the volume fraction and size of acicular δ phase increases as heat 

treatment progresses through its steps. 

 

The volume fraction and size of acicular delta phase and Nb seggregated areas are also observed 

to depend on what solution temperature is applied. δ phase volume fraction seems to be 

maximum when the solution temperature is 982ºC, but decreases again with higher solution 

temperatures. δ phase starts to solve when the temperature is above 1000ºC, which is known to 

be the range of δ solvus. 

 

As there is always a transition area between the Nb segregation and the matrix, the δ still appears 

there, but the higher solution temperatures cause these δ phase needles to get into solution 

quicker when they pass through these temperatures, making more hardening elements available 

to form precipitates, which are not visible in the optical microscope. This reasoning is consistent 

with hardness values measured in the exposed condition. 
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Micrograph 9: Metallographic sample HH9, solutioned at 1038ºC and aged, from Homogenized 

& HIPed ring. 
 

 

Micrograph 10: Metallographic sample HH10, solutioned at 1066ºC and aged, from 

Homogenized & HIPed ring. 
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Micrograph 11: Metallographic sample NH9, solutioned at 1038ºC and aged, from only HIPed 

ring. 

 

 

 

Micrograph 12: Metallographic sample NH10, solutioned at 1066ºC and aged, from only HIPed 

ring. 
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In order to assess the effect of thermal exposure on the material, γ’phase sizes were also 

measured. Table 5 shows some of these sizes to illustrate the growth of these precipitates. This 

particular case shows that the growth of γ’phase is related with a decrease in the hardness values, 

but this is almost the only case in which this happens. A possible rationale for the increase of the 

hardness values at the rest of the solution temperatures is that these higher solution temperatures 

achieved an effective solution of δ, making more Nb available to form other hardening phases, 

such as γ’’, and this was the one responsible for the increase in hardness values. However, it is 

difficult to admit this, as the alloy is known to be primarily hardened by γ’, and not by γ’’. 

 

Sample Average diameter or length of γγγγ´(nm) Standard deviation (nm) 

NH6 110 10 

HH11 140 20 

NH11 140 10 

 

Table 5. Average size and standard deviation of γ’precipitates, for the different samples. 
 

It is also observed that the sizes of the precipitates do not change regardless the previous 

application or not of homogenzation heat treatment. This indicates that homogenisation only 

dissolves segregations to make more hardening elements available, but doesn’t really have any 

effect on the size or morphology of precipitates formed later in the heat treatment. 
 

Finally, after all observations, 982ºC was selected as the solution temperature, which is at the 

upper end of the wrought material AMS specification range for solution heat treatment.The 

volume fraction of acicular δ phase is also higher than with the 954ºC solution temperature, 

which is at the lower end of the same AMS specification. The hardness values, which give an 

indication of mechanical properties of the material condition, are higher than those obtained with 

the 954ºC solution heat treatment. 

 

Although the application of homogenization demonstrated a better distribution of hardening 

elements, the benefit was not judged to a significant improvement. As no deleterious effect was 

observed when homogenization was not employed, and bearing in mind the cost reduction 

associated to removal of this treatment, it was decided to only HIP the cast material. 

 

Therefore, the remainder of the ring that had not received the homogenization heat treatment was 

selected for mechanical properties characterization, and the 982ºC solution heat treatment was 

applied to this material. Results on these tests are detailed elsewhere [5]. 
 

Conclusions 
 

1. The 982ºC and 1010ºC solution treatments produced more precipitation of acicular δ phase 

than the 954ºC solutioning. Formation of δ phase is promoted at these higher temperatures, as 

diffusion of Nb occurs from the as-cast Nb rich segregation areas. 

 

2. Some δ phase is still present after 1038ºC, 1066ºC solution treatments. This δ should have 

been completely dissolved under equilibrium conditions at these temperatures. It is thought that 

it is still present because it is formed from the Nb segregation areas, as there is always a 

transition area between the Nb segregation and the matrix. In other words, precipitation of δ 

phase is usually produced by overaging, but it also happens because of the diffusion of the Nb 

segregations during solution heat treatment. 

159



 

3. On the only HIPed metallographic samples, the Nb segregations are bigger or present in 

higher quantity; percentage of present phase and phase-sizes are higher. The homogenization 

heat treatment worked out satisfactorily in spite of being 1hr and 1095ºC, that is shorter and at 

lower temperature that the HIP. 

 

4. Clear over-aging of samples solutioned at lower temperatures, has happened because of the 

thermal exposition treatment. This point has been observed not only by FEG-SEM images and 

measurements of the γ’ size that reveals its coarsening, but also by hardness measurements. 

Higher solution temperatures change the sense of this effect. This could be attributed to the 

formation of additional γ’’ from Nb stemming from dissolution of segregations. 

 

5. Previous homogenization treatment does not affect the size of γ’ precipitates. 

 

References 
 

1. “Allvac® 718Plus®, Superalloy for the Next Forty Years”, R.L. Kennedy, Superalloys 718, 

625, 706 and Various Derivatives, TMS, 2005. 

 

2. “Role of Chemistry in 718-Type Alloys – Allvac® 718Plus® Alloy Development”, W.D. Cao, 

R. Kennedy, Superalloys 2004. 

 

3. “Developments in Wrought Nb Containing Superalloys (718+ 100 °F)”, R.L. Kennedy, W.D. 

Cao, T.D. Bayha, R. Jeniski, TMS, 2003. 

 

4. “Comparison between the Microstructure and the Mechanical Properties of In718 and 718Plus 

Alloys after Exposition” T. Gómez-Acebo, A.J. Lopez, J.C. Rodríguez, O. Caballero, M. 

Goiricelaya, K. Celaya, G. Sjoberg, M. Hörnqvist, Superalloy 718 symposium, Pittsburgh, 

October 2010. 

 

5. “Overview on 718Plus assessment within VITAL project”, O. Caballero; G. Sjoberg; T. 

Gómez-Acebo, Superalloy 718 symposium, Pittsburgh, October 2010. 

160


	Welcome
	Copyright Page
	Preface
	Organizing Committee
	Table of Contents
	7th International Symposium on Superalloy 718 and Derivatives
	Reception and Keynote Presentations
	Introducing New Materials into Aero Engines-Risks and Rewards, A Users Perspective
	Superalloys, the Most Successful Alloy System of Modern Times-Past, Present, and Future

	Raw Materials and Casting Technology
	An Overview of SMPC Research Programs to Improve Remelt Ingot Quality
	Considering the Solidification Structure of VAR Ingots in the Numerical Simulation of the Cogging Process
	Solidification Front Tilt Angle Effect on Potential Nucleation Sites for Freckling in the Remelt of Ni-Base Superalloys
	Assessment of Test Methods for Freckle Formation in Ni-base Superalloy Ingot
	Quantitative Characterization of Two-Stage Homogenization Treatment of Alloy 718
	Casting Superalloys for Structural Applications
	Castability of 718Plus® Alloy for Structural Gas Turbine Engine Components
	Selection of Heat Treatment Parameters for a Cast Allvac 718Plus® Alloy
	Primary Carbides in Alloy 718
	Application of Confocal Scanning Laser Microscope in Studying Solidification Behavior of Alloy 718

	Wrought Processing and Alloy Development
	Effect of Process Modeling on Product Quality of Superalloy Forgings
	Influence of Both Gamma' Distribution and Grain Size on the Tensile Properties of Udimet 720Li At Room Temperature
	Effect of Compound Jacketing Rolling on Microstructure and Mechanical Properties of Superalloy GH4720Li
	Properties of New C&W Superalloys for High Temperature Disk Applications
	Manufacture and Property Evaluation of Super Alloy 44Ni-14Cr-1.8Nb-1.7Ti-1.5Mo-0.3V-Fe ( Modified 706 )-an Experience
	Grain Boundary Engineering of Allvac 718Plus® for Aerospace Engine Applications
	Grain Boundary Engineering the Mechanical Properties of Allvac 718PlusŽ Superalloy
	An Advanced Cast/Wrought Technology for GH720Li Alloy Disk from Fine Grain Ingot
	Research on Inconel 718 Type Alloys with Improvement of Temperature Capability
	FE Simulation of Microstructure Evolution during Ring Rolling Process of INCONEL Alloy 783
	Effect of Temperature and Strain during Forging on Subsequent Delta Phase Precipitation during Solution Annealing in ATI 718Plus® Alloy
	Toughness as a Function of Thermo-Mechanical Processing and Heat Treatment in 718Plus® Superalloy
	Modeling the Hot Forging of Nickel-Based Superalloys: IN718 and Alloy 718Plus®
	The Microstructure and Mechanical Properties of Inconel 718 Fine Grain Ring Forging
	Numerical Simulation of Hot Die Forging for IN 718 Disc
	The Effect of Process-Route Variations on the Tensile Properties of Closed-Die Waspaloy Forgings, via Statistical Modeling Techniques
	Microstructure and Properties of Fine Grain IN718 Alloy Bar Products Produced by Continuous Rolling
	Effect of Thermomechanical Working on the Microstructure and Mechanical Properties of Hot Pressed Superalloy Inconel 718

	Fabrication and Novel Production Technology and Development
	An Overview of Ni Base Additive Fabrication Technologies for Aerospace Applications
	Linear Friction Welding of Allvac® 718Plus® Superalloy
	Transient Liquid Phase Bonding of Newly Developed HAYNES 282 Superalloy
	Investigation of Homogenization and its Influence on the Repair Welding of Cast Allvac 718Plus®
	Additively Manufactured INCONEL® Alloy 718
	Simulations of Temperatures, Residual Stresses, and Porosity Measurements in Spray Formed Super Alloys Tubes
	Flowforming of a Nickel Based Superalloy
	Clad Stainless Steels and High-Ni-Alloys for Welded Tube Application
	Improved Superalloy Grinding Performance with Novel CBN Crystals

	Alloy Applications and Characterization
	Additive Manufacturing for Superalloys-Producibility and Cost
	Hot Ductility Study of HAYNES® 282® Superalloy
	The Creep and Fatigue Behavior of Haynes 282 at Elevated Temperatures
	Effect of Microstructure on the High Temperature Fatigue Properties of Two Ni-based Superalloys
	Numerical Simulation of the Simultaneous Precipitation of Delta and Gamma' Phases in the Ni-Base Superalloy ATI Allvac® 718Plus®
	Alloy 718 for Oilfield Applications
	Characterization of Microstructures Containing Abnormal Grain Growth Zones in Alloy 718
	A TEM Study of Creep Deformation Mechanisms in Allvac 718Plus®
	Effects of Al and Ti on Haynes 282 with Fixed Gamma Prime Content
	Time-Temperature-Transformation Diagram of Alloy 945
	Long Term Thermal Exposure of HAYNES 282 Alloy

	Microstructure, Properties, and Characterization
	Modeling and Simulation of Alloy 718 Microstructure and Mechanical Properties
	Aging Effects on the Gamma´ and Gamma´´ Precipitates of Inconel 718 Superalloy
	Overview on 718Plus® Assessment within VITAL R&D Project
	Hold-Time Fatigue Crack Growth of Allvac 718Plus®
	Atomic-Level Characterization of Grain-Boundary Segregation and Elemental Site-Location in Ni-Base Superalloy by Aberration-Corrected Scanning Transmission Electron Microscopy
	Effect of Nickel Content on Delta Solvus Temperature and Mechanical Properties of Alloy 718
	Evolution of Delta Phase Microstructure in Alloy 718
	An Integrated Approach to Relate Hot Forging Process Controlled Microstructure of IN718 Aerospace Components to Fatigue Life
	The Effect of Primary Gamma' Distribution on Grain Growth Behavior of GH720Li Alloy
	Systematic Evaluation of Microstructural Effects on the Mechanical Properties of ATI 718Plus® Alloy
	Microstructural Evolution of ATI718Plus® Contoured Rings When Exposed to Heat Treatment Procedures
	Serrated Yielding in Alloy 718
	Effect of Serrated Grain Boundaries on the Creep Property of Inconel 718 Superalloy
	Influence of B and Zr on Microstructure and Mechanical Properties of Alloy 718
	Structure-Property Relationships in Waspaloy via Small Angle Scattering and Electrical Resistivity Measurements

	Micro-Characterization, Corrosion, and Environmental Effects
	Oxidation of Superalloys in Extreme Environments
	Microstructure Evolution in the Nickel Base Superalloy Allvac 718Plus®
	Effect of the LCF Loading Cycle Characteristics on the Fatigue Life of Inconel 718 at High Temperature
	Machining Conditions Impact on the Fatigue Life of Waspaloy-Impact of Grain Size
	Oil-Grade Alloy 718 in Oil Field Drilling Applications
	On the Influence of Temperature on Hydrogen Embritllement Susceptibility of Alloy 718
	Cast Alloys for Advanced Ultra Supercritical Steam Turbines
	Effect of Phosphorus on Microstructure and Mechanical Properties of IN718 Alloy after Hot Corrosion and Oxidation
	Effect of Microstucture and Environment on the High-Temperature Oxidation Behavior of Alloy 718Plus®
	Surface Modification of Inconel 718 Superalloy by Plasma Immersion Ion Implantation



	Author Index
	Subject Index
	Alloys Index
	Print
	Search
	Exit


 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: all pages
     Font: Times-Roman 10.0 point
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 36.00 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BC
     
     147
     TR
     1
     0
     42
     224
    
     0
     10.0000
            
                
         Both
         14
         1
         AllDoc
              

       CurrentAVDoc
          

     0.0000
     36.0000
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     0
     14
     13
     14
      

   1
  

 HistoryList_V1
 qi2base



	HEADER1: 


