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A new Ni-base superalloy: productionmicrostructure-properties correlation
G. Angella, A. Serafini, C. Malara, M. F. Brunella
The new nickel-base super alloy AF955® (UNS N09955) was developed by Foroni S.p.A. in response to the industrial
need for a material that preserves the excellent properties of the precipitation hardened nickel-based superalloys, whi-

le also providing adequate resistance to hydrogen embrittlement. A wide mechanical and microstructure characterization of the new superalloy was carried out to rationalize the effects of the production route and different heat treatmen-

ts of alloy AF955®. Mechanical properties were evaluated by Rockwell hardness and tensile tests. The microstructure
was investigated by conventional Optical Microscopy (OM) and Scanning Electron Microscopy (SEM) with micro-chemical measurements with Energy Dispersion Spectroscopy (EDS) for a general and phase precipitation assessment,

and by Transmission Electron Microscopy (TEM) for a quantitative characterization of the nanometric precipitation

strengthening phases, namely gamma prime (γ’) phase and gamma double prime (γ’’) phase. Quantitative relationships
between mechanical properties and strengthening precipitation phases, were obtained by using the Weakly Coupled
Dislocation (WCD) model and the Strongly Coupled Dislocation (SCD) model. The WCD model for deformable par-

ticles resulted successful to correlate the quantitative microstructure results obtained through TEM with the yield
strength of the new superalloy after two different heat treatments.

KEYWORDS: NICKEL-BASED SUPERALLOY, MECHANICAL PROPERTIES, STRAIN HARDENING, TEM,
WEAKLY COUPLED DISLOCATION (WCD) MODEL.
INTRODUCTION

Thanks to their excellent corrosion resistance and mechani-

cal properties [1-3], the precipitation hardened nickel-base
superalloys are paramount materials for oil and gas applications [4,5]. The new superalloy AF955® [6-9] was developed

in response to an industrial need for materials that maintain

the exceptional properties of the precipitation hardened
(PH) nickel-base superalloys, while also comply on the new

and more stringent microstructure requirements called out
in the latest revision of the American Petroleum Institute

(API) Specification API 6ACRA [9] as well as providing ade-

quate resistance to hydrogen embrittlement. This required
a wide mechanical and microstructure characterization to
optimize the production route and post-forging heat treatments of the new superalloy AF955®.

AF955® contains chemical elements like Ti, Nb and Al that

are expected to contribute to the alloy hardening through
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the precipitation of Ni3(Al, Ti) gamma prime (γ’) and Ni3Nb

gamma double prime (γ’’) phases. The γ’ phase has an orde-

red L12 crystallographic structure with a pseudo-spherical/
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cubical particle shape, and precipitates consistently with

the face-centered-cubic (fcc) γ matrix, according to a cube-on-cube relationship (001)γ’||(001)γ and [100]γ’||[100]γ.

The γ’’ phase has a D022 body-centered-tetragonal structure with disc-shape particles coherent with the fcc γ matrix

with the following orientation relationship: (001)γ’’||{001}γ

and [100]γ’’||<100>γ. Both γ’ and γ’’ precipitates contribute

significantly to the strength of nickel-base superalloys at
different extents according to micro-mechanisms of in-

teraction with dislocations motion. Physical properties,
volume fractions and size of γ’ and γ’’precipitates (and so

inter-particle distances) are key features in affecting the
micro-mechanisms of interaction with dislocations mo-

tion strengths, and are determined by production route and
post-forging heat treatments. To optimize the process production, a wide mechanical and microstructure characterization of the new nickel-base superalloy AF955® was
needed and the results of this characterization are here reported. Mechanical properties were evaluated by Rockwell
hardness and tensile tests. Investigations by conventional

Optical Microscopy (OM) and Scanning Electron Microscopy (SEM) with micro-chemical measurements with

Energy Dispersion Spectroscopy (EDS) were carried out for
general assessment of the microstructure homogeneity of

the forged work-piece and coarse precipitation in the superalloy after forging and heat treatment. For quantitative cha-

racterization of the nanometric strengthening precipitation
phases, namely gamma prime (γ’) and gamma double prime

(γ’’) phases, Transmission Electron Microscopy (TEM) was
carried out on the superalloy after different heat treatmen-

ts. The volume fractions of the strengthening precipitates
were estimated through TEM imaging techniques [10,11].

Weakly Coupled Dislocation (WCD) and Strongly Coupled
Dislocation (SCD) models were used to rationalise the yield
strengths of the superalloy as a function of different heat
treatments. The WCD model for deformable particles resul-

ted successful to correlate the nanometric microstructure
results of gamma prime (γ’) and gamma double prime (γ’’)
phases with the strength of the new superalloy.
MATERIAL AND EXPERIMENTALS

The chemical composition in %wt of alloy AF955® used in
this study is reported in Table 1.

Tab.1 - Chemical composition of alloy AF955® (%wt).
Ni

Cr

Mo

Nb

Ti

Al

Si

Mn

C

P

S

Fe

57.4

21.6

5.88

4.80

0.86

0.43

0.09

0.08

0.015

0.0086

0.0002

8.65

The alloy was produced by raw material melting in Electric

Arc Furnace (EAF) of 70 tons capacity followed by melt refi-

ning via the Argon-Oxygen Decarburization (AOD) process,
followed by re-melting through the consumable-electrode
Vacuum Arc Re-melting (VAR) process. Two bars of 127
mm (5 in.) in diameter and about 6 m in length were for-

ged from the same ingot and heat treated according to two
different heat treatments, producing AF955® Gr. 3 and Gr.

3HS grades. The heat treatment of AF955® Gr. 3 consisted
of solution annealing at 1060°C for 3 hours and 15 minutes
followed by water quenching, followed by precipitation

hardening at 746°C for 4 hours followed by air cooling. The

heat treatment of AF955® Gr. 3HS consisted of the same

heat treatment of AF955® Gr. 3 followed by the additional

step of precipitation hardening at 621°C for 8 hours followed by air cooling.

For mechanical properties, Rockwell hardness tests were
performed in accordance with ASTM E18 over the product

cross-section, while room temperature tensile tests were
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carried out as per ASTM E8/E8M on specimens machined
at mid radius of a bar prolongation of each tested product.

Microstructure examination was performed by conventional optical microscopy on specimens machined at center,
mid radius and near surface of the cross-section of each te-

sted product. The average grain size was determined according to ASTM E112 – comparison method and the grain size

distribution was assessed as per ASTM E1181. For higher
resolution microstructure investigations, Zeiss EVO 50 EP
extended pressure Scanning Electron Microscope (SEM)

and Oxford Inca 200 microanalysis system with Si(Li) windowless detector were used. Metallographic samples were

observed in high vacuum condition at an accelerating vol-

tage of 20 kV and probe current of 90 pA. TEM observations
were carried out using a Philips CM 200 FEG electron microscope working at 200 kV acceleration voltage. Thin foils

for TEM observations were prepared by grinding disk samples into foils with thickness of 80 µm followed by ion beam

milling (GATAN DuoMill). The sizes of γ’ and γ’’ precipita-
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tes for volume fractions calculations were determined with

Dark Field (DF) TEM images through open source ImageJ

software, after measurements of the thickness of samples
in the DF TEM acquisition mode through Convergent Beam

and γ’’ evaluated in this study, considered the contribution
of the precipitates oriented along the [100] and [010] axes.
RESULTS

Electron Diffraction (CBED) technique.

Mechanical properties

DF-TEM micrographs of the same area were collected un-

mid radius (MR) and near the outer diameter surface (S) of

three types of possible γ’’ phases. Details of the acquisition

C-hardness measurements are given in Table 2.

Since γ’ and γ’’ presented overlapping reflections, various
der different DF conditions to discriminate between γ’and

Rockwell C-hardness (HRC) was determined at centre (C),
the cross-section of each investigated product. Results of

procedure are reported in [10,11]. The volume fractions of γ’

Tab.2 - ASTM E18 Rockwell C-hardness at centre (C), mid radius (MR) and near the outer diameter surface (S) of 127 mm
diameter bars of AF955® superalloy.
Position

Ni

C

MR

S

Gr. 3

37

38

37

Gr. 3HS

40

40

39

Because variations in the thermo-mechanical conditions

during forging occur, differences in grain size and precipitates morphology might occur [12,13] and, as a consequence,

in the mechanical properties. The hardness variation over

the product cross-section is 1 HRC maximum, indicating

annealed condition (S.A.), and precipitation hardened con-

ditions as per Gr. 3, and precipitation hardened condition as

per Gr. 3HS are reported in Fig. 1. Results of Yield Strength
at 0.2 % offset (YS), the Ultimate Tensile (UTS), and elongation to rupture (eR) upon the aforementioned tensile testing

high degree of homogeneity of both Gr. 3 and Gr. 3HS pro-

are reported in Table 3. With respect to the S.A. condition,

the Gr. 3, suggesting that the additional heat treatment at

strengthening in AF955® together with an expected re-

ducts. However, the grade 3HS resulted always harder than
621°C for 8 hours was effective.

The stress-strain engineering flow curves upon ASTM E8/
E8M tensile testing at mid radius of alloy AF955® in solution

precipitation hardening as per Gr. 3 produced significant

duction of ductility, and the additional heat treatment at

621°C for 8 hours as per Gr. 3HS conferred an additional
strength increase with a minimal ductility decrease.

Fig.1 - Engineering stress-strain curves upon ASTM E8/E8M tensile testing of alloyAF955® in the following conditions:

solution annealed (S.A.), precipitation hardened as per Gr. 3 and precipitation hardened as per Gr. 3HS. Tensile speci-

mens machined at mid radius of prolongations of: 152.4 mm diameter bar in the S.A. condition, 127 mm diameter bar in
the Gr. 3 condition, 127 mm diameter bar in the Gr. 3HS condition.
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Tab.3 - Mechanical properties of alloyAF955® upon tensile testing curves in Figure 1.
Heat Treatment

YS
(MPa)

UTS
(MPa)

eR
(%)

AR
(%)

S.A.
Bar diameter 152.4 mm

396.6

804.7

77

68

Gr. 3
Bar Diameter 127 mm

910.8

1149.5

40

54

Gr. 3HS
Bar Diameter 127 mm

1050.2

1249.8

30

50

Microstructure through OM and SEM

Fig.2 - OM micrographs of grain structure of alloy AF955® - 127 mm diameter bar in the precipitation hardening condition

as per Gr. 3: a) center; b) mid radius; c) near outer diameter surface. Grain size G was determined in accordance with ASTM
E112 – comparison method.

Grain structure observations performed through conven-

parison method. For both grades, the grain size G was No.

cross-section of alloy AF955® 127 mm diameter bars (cen-

to No. 3-4 near outer diameter surface. The microstructure

tional OM were carried out at different positions over the

tre, mid radius and near outer diameter surface). Grain size

OM micrographs of grade Gr. 3 and grade Gr. 3HS of alloy
AF955® are reported in Figs. 2 and 3, respectively. Grain
size G was determined complying on ASTM E112 – com-

4 at center and mid radius locations, and slightly coarser up
resulted therefore was essentially the same for both grades,

very homogeneous over the entire product cross-section

and no random or topological duplex grain size as determined and rated according to ASTM E1181 were observed.

Fig.3 - OM micrographs of grain structure of alloy AF955® - 127 mm diameter bar in the precipitation hardening condition
as per Gr. 3HS: a) center; b) mid radius; c) near outer diameter surface. Grain size G was determined in accordance with
ASTM E112 – comparison method.
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Fig.4 - SEM micrographs (SEI) of coarse precipitates in alloy AF955® after heat treatment as per: a) Gr. 3 and b) Gr. 3HS.

Fig.5 - Typical EDS spectra from: a) small precipitates (bright) in micrographs reported in Figs. 4; b) coarse precipitates
(grey) in micrographs reported in Figs. 4.

Observations of micrometric precipitates were performed

in 127 mm diameter bars. Secondary Electron Imaging
(SEI) SEM micrographs are reported in Fig. 4 for Gr. 3 and

Gr. 3HS. Two different typologies of micrometric precipitates were found. Precipitates of prismatic shapes of about
10 µm diameter, and smaller irregular shape precipitates of

1-2 µm diameter. The two typologies of precipitates have
different brightness, indicating that their chemical compo-

sitions could be significantly different. Secondary Electrons

(SE) are insensitive to the atomic numbers (Z) of elements

at the accelerating voltage of 20 kV, while Back-Scattered
Electrons (BSE) are sensitive, having energy proportional to

Z (and other physical parameters). However, BSEs can hit

the SE detector contributing significantly to the SEI formation, showing different brightness with different precipita-

tes. In Gr. 3HS the number of small precipitates seemed to

be slightly increased because of the additional heat treatment compared to Gr. 3. In Fig. 5 typical EDS spectra from
the two typologies of precipitates are reported, while the
resulting chemical compositions are reported in Table 4.

Even if the proper chemical composition determination of
La Metallurgia Italiana - ottobre 2020

smaller micrometric precipitates through EDS on the SEM
is hindered by the small size of the analyzed point, because

of the X-rays coming from the adjacent matrix, some conclusions can be found by comparing the precipitate compositions with the matrix one. The chemical composition of

the light grey precipitate with the EDS spectrum of Fig. 5a

shows higher contents of C and Nb (also Ti is higher than
in the matrix) than the matrix composition, revealing that

the precipitates are Nb carbides or Nb-Ti-C. For the coarse precipitate of prismatic shape (Fig. 5b) N and Ti contents
are higher (also Nb), revealing that the precipitates are Ti

nitrides. Indeed, both these micrometric precipitates do
not affect the strength of alloys, since their dimensions and

characteristic inter-particle distances are by far larger than

the nanometric Burgers vector modulus, one of the cry-

stallographic parameters characterizing the interaction of

dislocation motion with obstacles. However, these coarse
precipitates could affect the ductility, particularly at high

temperature, causing the occurrence of premature failure,
which has been analysed later.
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Tab.4 - Chemical composition of precipitates determined by EDS analysis (% wt).
Spectrum

C

N

Al

Si

Ti

Cr

Mn

Fe

Ni

Nb

Mo

Fig. 5a

17.15

-

0.18

0.16

3.53

11.13

0.16

3.92

25.27

35.55

2.95

Fig. 5b

1.34

19.39

-

-

66.92

0.68

-

0.19

0.96

10.40

0.05

Matrix

3.26

-

0.46

0.08

0.94

21.84

-

7.83

54.75

4.83

6.07

TEM-Microstructure

reflections [10,11,14]. This issue was solved by compari-

have dimensions and characteristic inter-particle distances

reflections and then the superimposed (γ’ + γ’’) reflections

Precipitates that affect significantly the strength of alloys,
comparable to the Burgers vector modulus of γ matrix, like

for nanometric γ’ and γ’’ phase precipitates in nickel-base
superalloys produced after proper heat treatments. TEM

observations are needed for quantitative characterization
of these nanometric precipitates. However, when γ’ and

γ’’ precipitates are present, it is not possible to obtain Dark
Field (DF) images of isolated γ’ particles, because all the γ’
phase reflections are superimposed to the γ’’ precipitates

son of two DF images obtained after selecting firstly the γ’’
with the objective aperture. This technique [10,11,14] was

used to acquire DF micrographs of AF955® samples after

different heat treatments, and an example is reported in Fig.
6 for Gr. 3HS. In Fig. 6a, only γ’’ Selected Area Diffractions
(SAD) reflections were selected and elongated γ’’ particles
are visible in DF images. When γ’ + γ’’ SAD reflections are se-

lected, also cubical γ’ precipitates appear, so discrimination
could be done for quantitative precipitate measurements.

Fig.6 - Precipitates characterization in AF955® Gr. 3HS. DF micrographs: (a) with only γ’’ SAD reflections showing elongated γ’’ precipitates; (b) with γ’ + γ’’ SAD reflections showing elongated γ’’ particles and cubical γ’ precipitates.

Mean long axis a and short axis c of elongated γ’’ precipita-

tes and mean diameter d of γ’ precipitates were found out
by image analysis of DF micrographs. The thicknesses t of

the thin foils containing γ’’ and γ’ phases were evaluated by

CBED method, so the volume fractions were calculated.

The results of precipitates dimensions and volume fractions

La Metallurgia Italiana - October 2020

are reported in Table 5. In the Gr. 3HS, there was the pre-

sence of γ’ and γ’’ precipitates, whilst the γ’ phase was not
detectable in the Gr. 3 sample. The volume fractions for γ’’

phase were similar in both the samples, with a slightly higher value for the Gr. 3 condition. For detailed calculations
see [14].
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Tab.5 - Mean dimensions and volume fractions of γ’’ and γ’ precipitates in AF955® after different heat treatments as determined from the analysis of DF TEM micrographs. FV, γ’ is he volume fraction of γ’ precipitates and FV, γ’’ of γ’’ precipitates.
Gr. 3

a = 14.3 ± 3.0 nm

γ’’

Gr. 3HS

c = 6.7 ± 2.0 nm

FV,γ’’ =0.08 ± 0.02

γ’’

a = 15.2 ± 3.0 nm
c = 6.5 ± 2.0 nm

FV,γ’’ =0.06 ± 0.02

γ’

d = 13.5 ± 3 nm

FV,γ’’ =0.12 ± 0.02

According to the data gathered in Table 5, the inter-par-

Ashby-Orowan equation [15] defines the inter-particle di-

ticle distances for Gr. 3 and Gr. 3HS were calculated. The

stance λ as

1)
where r is the precipitate radius, and b is the Burgers vec-

radius r = (a2c)1/3 was used as input in Eq. 1, and because of

tor intensity. Since γ’’ precipitates are oblate, an equivalent

oblateness, λ in Eq. 1 has to be modified according to [16]

2)

with h = c/a. In order to find the mean interparticles in Gr.

ticle distances were summed according to [17]

3HS distance because of γ’’ and γ’, the two mean inter-par-

3)
In Table 6 the results of λ calculations are reported.
Tab.6 - Mean inter-particle distances λ in AF955® after different heat treatments.
Precipitates

λ (nm)

Gr. 3

γ’’

18.3

Gr. 3HS

γ’ + γ’’

9.8

DISCUSSION

growth. Therefore, mechanical properties can be significant

The microstructure of metallic alloys resulting from ther-

So, homogeneity has indeed to be obtained. In the pro-

Microstructure and mechanical properties

mo-mechanical processing like forging can results in significant microstructure and mechanical properties heterogeneity. The deformation through the workpiece from the

surface to the core is heterogeneous because of external
stress conditions and lubricant setting between workpiece

and tools [12,13]. This heterogeneity can drive a heterogeneous evolution of the microstructure during deformation

steps at high temperatures because of dynamic and me-

ta-dynamic recrystallization, and also in subsequent heat
treatments because of static recrystallization and grain
La Metallurgia Italiana - ottobre 2020

heterogeneous with application problems in components.
duction of 127 mm diameter bars of alloy AF955®, the grain
size was homogeneous over the entire cross section and,

consistently, the HRC hardness did not change significantly
from the surface to the core of the bars.

The micrometric coarse precipitations resulted to be Nb(Ti)C and Ti(Nb)N. These precipitations have no effects on the

strength of nickel-base superalloy, since the antiparticle distance is by far larger than the Burgers vector length. Howe-

ver, they can affect the ductility of alloys particularly at high

temperature, nucleating cracks and giving rise to premature
pagina 12
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failures [15]. The heat treatment for the Gr. 3 produced a si-

lity and correlation between plastic deformation properties

UTS) and reduction of ductility (-41.3% of eR) compared to

carried out according to the Kocks-Mecking approach [16-

gnificant increase of strength (+129.7% of SY and +42.5% of
the alloy in S.A. conditions. The additional heat treatment
at 621°C for 8 hours, followed by air cooling, for Gr. 3HS

produced a higher increase of strength (+164.8% of SY and

and microstructure, the strain hardening analysis has to be
20]. In Fig. 7a the true stress-true strain curves of AF955® in

S.A., Gr.3 and Gr. 3HS conditions are reported, where true
stress σ = S∙(1 + e) and ε = ln(1 + e) and S and e have the usual

+55.3% of UTS) and larger reduction of ductility (-49.2% of

meaning. In Fig. 7b the strain hardening rate dσ/dε is plotted

little reduction of ductility compared to Gr. 3, and the more

fy the Considére’s criterion, Ө (= dσ/dε) = σ, which identify

eR). So, Gr. 3HS had a significant increase of strength with a
significant presence of coarse precipitates of carbides and

nitrides did not seem to affect the ductility of Gr. 3HS at
room temperature. Indeed, to have a further support to the

rationalization of the effects of coarse precipitates on ducti-

against the true stress σ. The line through the origin identithe beginning of necking, i.e. the strain localization. All the
tensile tests achieved the Considére’s criterion, and run farther, indicating that no premature failures occurred.

Fig.7 - a) True stress-true strain flow curves of AF955® after solution annealing (S.A.), and heat treatments Gr. 3 and Gr.
3HS; b) Kocks-Mecking diagram: strain hardening data Ө (= dσ/dε) vs. σ of the flow curves in Fig. 7a. The line through the
origin identify the Considére’s criterion, Ө = σ, that is, the begin of strain localization.

Correlation between yield stress and microstructure

se precipitates produced in AF955® after proper heat tre-

because of nanometric precipitates that have dimensions

The flow stress of metallic alloys comes into two compo-

The significant increase of strength in metallic alloys occurs

and characteristic inter-particle distances comparable to
the Burgers vector modulus of λ matrix. So γ’ and γ’’ pha-

atments contributed significantly to the strength increase.
nents [17]:

4)
where σYield is the yield strength in true stress, whilst σ(εp) is

elements and by precipitation hardening because of the

cation density ρ during straining. In AF955® strengthening

cation density can be neglected, σYield can be described as

the true stress component because of the increase of dislo-

occurs by solid solution in the γ matrix because of alloying

phases γ’’ and γ’, so, through assuming that the initial dislo[22,23]

5)
where σSS and σPH are the solid solution and the precipita-

So, values of flow stress at εp = 0.1% were assumed as σYield,

tion hardening stress components, respectively. For lower

since εp = 0.1% seemed to be a suitable compromise. So

be introduced by the uncertainty in the experimental de-

879.8 MPa for Gr.3 and 1022.2 MPa for Gr. 3HS.

strains significant strain hardening was already established.

by mobile dislocations a/2<1-10>{111} gliding in the γ ma-

strains significant errors in the determination of σYield could

terminations of the Young modulus E, whilst at higher

La Metallurgia Italiana - October 2020

σYield of the S.A. AF955® was found to be 383.2 MPa, while

γ’ and γ’’ precipitates are deformable, that is, they are cut
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trix, so σPH in Eq. 5 results in contributions from dfferent

ticle and the matrix, producing σChem; and ﬁnally, a modu-

strengthening mechanisms resulting from cutting. Since γ’

lus hardening due to different shear moduli between the

present. Furthermore, and γ’ and γ’’ phases have crystal-

are reported in [14,15,22,23]. Two possible rationalizations

ries (APB) are produced in the particles with cutting, and a

slocations (WCD) model, when the coupling between le-

and γ’’ phases are coherent to the γ matrix, misfit strain is

lographic structures different from γ, antiphase bounda-

second trailing coupled dislocation has to cut the particle
again to erase the APB and set back the original crystal-

lographic order. Therefore, the different hardening me-

chanisms involved in cutting coherent particles are as follows: ﬁrst, the overcoming of the strain misﬁt between the
coherent particle and the matrix, giving rise to an extra cri-

particle and the matrix, producing σMod. Detailed equations

of APB strengthening can be given: Weakly Coupled Diading and trailing dislocations cutting through the γ’ and

γ’’ precipitates is weak (i.e. the distance between leading

and trailing dislocations is larger than the mean precipitate size); and Strongly Coupled Dislocations (SCD) model,
when the coupling between leading and trailing disloca-

tions cutting through the γ’ and γ’’ precipitates is strong

tical resolved shear stress σCoh; second, APB formation in

(i.e. die stance between leading and trailing dislocations

due to the increase of the interface between the cut par-

these mechanisms are superimposed according to

the particle, producing σAPB; then, a chemical hardening

is shorter than the mean precipitate size) [5,22,23]. In [22],

6)
with n = 1.8. Through using at σSS = 383.2 MPa (stress for

ement with detailed simulations on the microstructure

ses with Eq. 5 for AF955® Gr. 3 and Gr. 3HS for the WCD

(UNS N07718) hardened by γ’’ and γ’ precipitation [16]. So,

S.A. AF955® at εp = 0.1%), the predictions of the yield stres-

and SCD models [14] are reported in Table 7, for compari-

son. The yield stresses predicted by WCD model is closer
to the experimental values of yield stresses. Indeed, the

contributions from APB formation was dominant, in agre-

and strength evolution in the heat-treated superalloy 718
AF955® Gr. 3 resulted to be significantly strengthened

by deformable γ’’ particles only, whilst Gr. 3HS resulted
stronger than Gr. 3 because of the presence of deformable
γ’’ and γ’ particles in a higher total volume fraction.

Tab.7 - Comparison between experimental yield stresses σY,Exp and prediction from deformable particles for WCD and
SCD models. The values σY,Exp were measured at εp = 0.1% in AF955®.
σY,Exp(MPa)

σY,WCD(MPa)

σY,SCD(MPa)

Gr. 3

879.8

944.0 ± 62.3

779.9 ± 46.1

Gr. 3HS

1022.2

1027.5 ± 78.5

895.8 ± 67.1

CONCLUSIONS

the different mechanical behaviors. The Weakly Coupled

nickel-base superalloy AF955® after forging and two diffe-

precipitation hardening effects on the tensile mechancial

The mechanical and strain hardening behavior of the new

rent heat treatments were investigated. Microstructure by

OM and SEM and mechanical properties by Rockwell har-

dness and tensile testing were investigated in 127 mm diameters bars. The microstructure and mechanical homogeneity were investigated. The strain hardening analysis
through Kocks-Mecking diagram confirmed good integrity as both Gr. 3 and Gr. 3HS achieved necking. For detailed
rationalization of the response of the AF955® to different

heat treatments, the dimensions and volume fractions of γ’’

and γ’ particles were quantified through TEM to rationalize

La Metallurgia Italiana - ottobre 2020

Dislocations(WCD) model could explain quantitatively the
properties AF955® after different heat treatments. AF955®
Gr. 3 resulted to be significantly strengthened by deformable γ’’ particles only, whilst Gr. 3HS resulted stronger

than Gr. 3 because of the presence of deformable γ’’ and γ’
particles in a higher total volume fraction.
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