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ABSTRACT

Ni-based super-alloy was synthesized by using conventional casting technique under vacuum
and highly superheated treatment route . 3D-microstructural imaging map of the Ni-based
super-alloy was constructed depending upon AFM-data evaluating that the morphology of the
alloy-surface is a function of composition and preparation conditions .Furthermore raman
spectra of casted Ni-based super-alloy was performed to confirm existence of different phases
recorded via SEM and EDX-elemental analysis with their corresponding different vibrational
modes such as Ni-O vibrating modes in the region 360-510 cm™ and Ti-O vibrating mode which
lie at 451,701 and 920 cm™* respectively . A visualized study was made to prove existence of Ni-
Ti-O mixed oxides with the ABXs structure type.
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INTRODUCTION

Nickel-based superalloy possess excellent corrasnmhoxidation resistance in addition to high
strength and ductility at high temperature, rangfngm 873 to 1673 K. Strengthening is
attributed to the precipitation of the ordered;ljt-phase within the f.c.cy-phase. The
precipitates composition is (Ni,(Al,Y), in which Ni-like elements (X) are Cr and faad Al-
like elements (Y) are Ti and Nb [1].

Although precipitation in these alloys has beendistl using sophisticated experimental
techniques [2], [3], [4], [5] and [6], informatioabout the early stages of decomposition,
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involving nucleation and growth of precipitatessisll insufficient and, therefore, the physical
mechanisms of these processes are not completégrstnod [7].

Positron annihilation lifetime spectroscopy (PALS¥yensitive to vacancy-like defects in solids.
In comparison with imaging and diffraction techregu it has the advantage of being non-
destructive. A recent review [8] reports on thegoess of the application of positron annihilation
spectroscopy (PAS) techniques to the study all@pagosition. Only a few papers report PAS
studies on precipitation in Ni-based superallo9] §nd [10] and references therein).

One of the key points of numerous studies dealiith e precipitation of thg'-phase is to
ascertain whether ordering and clustering occur uaneously or not, and whether
transformations are continuous or follow a nucteatind-growth process. Theoretical models
based on free-energy diagrams, depending on cotiggosind order parameters, describe the
different possible paths of the decomposition [did [12].

Other studies also reported the occurrence piiase at the periphery of tihé y’ eutectics [13-
15].

Many researchers through laser raman spectros¢bBf) investigations suggest that
probability of existing species like oxides, hyxides, oxy hydroxides, nitrates, nitrides,
sulphates, chlorides and oxy chlorides of Fe ,@r l[dhcould be present in the passive film and
surface layers of synthesized M-based-alloy [1p-2%he contributions of other elements apart
from Ti ,W, Al, Mo and Co, were not expected todatected in surface layer, since their content
in the alloy was very low to be detectable.

The major goal of the present article firstlytasinvestigate the micro-structural parameters of
different phases existed (even those with low auntas Ni-Ti-X where X = Oxygen ) on the
alloy surface and their vibrational modes deteetdhbroughly raman spectroscopic analysis and
secondly visualization of NiTig@structure type to confirm its presence in therfiatgal layers of
nickel alloy .

MATERIALS AND METHODS

II. Experimental

The Ni-based alloy used in this work was receivedusbine blade scrap supplied from a gas
turbine power plant. Table dhows the chemical composition of as-received alldys scrap
was double melted and cast under vacuum using durction vacuum furnace. In the second
melt some amounts of alloying elements such a€adj,Ta, W were added to adopt the chemical
composition, then a third melting was made to emsuelting and homogenous distribution of all
alloying elements in the heat. Heats were made &limg 10 kg of turbine blade scrap. Pouring
was carried out into an investment casting ceranald.

The chemical composition of the prepared experialegpblycrystalline Ni base superalloy is
shown in Table 1. Optical emission apparatus, ARIEBES as well as Ni base software were
used to determine the chemical composition of a$-alkoys.
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The X-ray diffraction (XRD) measurement was carried at room temperature on the ground
samples using Cu-Kradiation source and a computerized Shimadzu pa@)adiffractometer
with two theta scan technique.

Table 1. Chemical composition of as cast Ni basepralloys

lements c Cr Mo W Ti Co Al Nb Ta | Ni
Alloy
Ni-Based-Alloy | 0.13| 1501| 197 281 368 767 452107 | 1.27| Bal
As cast (H) 054| 1695| 245| 436| 588 1048 149 o040 1jg6 Bl

The microstructure of as-cast specimens was irgaasti JOEL JSM-5410 Scanning Electron
Microscope (SEM). The specimens for microstrucexamination were cut from the cast ingots
then ground, polished and etched with 100mDH- 50ml HCL + 50ml HSO, + 4g CuSQ
solution. Studying the microanalysis and segregdio alloying elements was performed using
EDS in JEOL JSM5410. Samples were scanned on Acally@canning Electron Microscopy for
the Jeol JSM-630LA and VEECO INNOVA -AFM with muhiodes function USA. Raman
laser of samples were measured on the Bruker FTaRawith laser source 50 mW.

RESULTS AND DISCUSSION

Structural and Microstructural Measurements ( XRD/3D-AFM) :

Fig.1, show the theoretical XRD-pattern of Ni-Ti-oxidetwiABX3 structure type that compared
with actual XRD-profile supplied from ASTM-cardegth blue color .The analysis of two
patterns indicated that the experimental datéedfiby a moderate ratio with simulated XRD
such that the red circle refer to AB¥/pe structure ( where A=Ni atom , B = Ti atomdaX=
Oxygen) .

Visualized XRD of NiTi-Oxide |

o
(b) () o
Wmm | ” 'ﬂ'
@
1IO...2IO...3IO...4IO...5IO

Two Theta Degree

Fig.1,» Theoretical and Experimental XRD-patterns of Ni-Tioxide with ABXzstructure type.
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The analysis of XRD-profile Figelconfirmed that the ABX structure is achieved with
rhombohedral crystal lattice and R3-R(148) spacaimwith lattice constant a = 5.47 and ¢ =
55.12 A.

A visualization study to the Ni-Ti-oxide with ABpétructure (where A=Ni atom , B = Ti atom
and X= Oxygen ) .was performed by using Diamond ACF CRYSTAL program to confirm
the structure see Fig.(1c).

The study concerned by matching and comparisoatté¢ constants, torsion of bonding ,bond
lengths and lattice volume .From Fig.bne can indicate that the Nickel ,Titanium-ioradius
are fitted and harmonized with the lattice volunnel @o torsions on the basic bonds of crystal
structure of proposed Trigonal/Rhombohedral spigorth present technique of preparation
such that the angles found were 160 and 135 f@-Ti-and Ni-O-Ni respectively.

@ Ni

@ Ti

@ o

Rhombohedral Unit Cell of ABX3 Structure
Fig.1lc Visualized Trigonal/rhombohedral unit cellwith 60 atoms .

The approximate ratios ( area/area ratiospM 1-phase that represented in dark orange regions
was found to be in between ~ 12-18 % of captumgahe area in the case of high solidification
cooling rate (HSCR) .Furthermore the average gsaa of Ni-super-alloy was estimated from
Fig.2, and ranged in between 2.3-5.4 um which is fullypsistent with those reported on
literature [ 4,5].

Fig.2,: shows high resolution three dimensional AFM-imagcorded for Ni-super-alloy surface
with HSCR applying tapping mode .For hyperfine 3Rsture of the surface , the experimental
data supplied from AFM-device was forwarded to alsae the 3D-surface to be able to map the
surface with maximum accuracy as possible seeZgigs.
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(Fig.2a) 3D-AFM tapping mode image of Ni-super-allg .

Fig.2,: displays 3D-mapping structure for very smaflea®.35x0.35 um of nickel-superalloy. It
was noticeable that ~ 50 % of the surface morpholwas z-axis (heights ) ranged in between
(0.26 — 6.5 um represented by dark and pale biue only ~ 10 % has the heights higher than
6.5 um . One can indicate that as strengthen plaéiseincreases these heights will be increased
and consequently increasing of- phase will lead to corresponding increase indghesghts .

Fig.2,: 3D-AFM-visualized image of Ni-super alloy.

This natification is confirmed as clear in Fig.2ech that the ratio of heights area dark zones to
the homogeneous Ni-surface blue coloration is geaglial to ~ 10-12 % which is identical to
the estimated ratio of, and [1-phases as confirmed from SE-micro-structural itigafons
with EDX-analyses see Table.2.

Y-Axis Mcrometer

0.30 0.31 0.32 0.33
X - Axis  Micrometer

Fig.2.: 2-D-vertical view image to map heights ratio of Nalloy .

EDX analysis was used to investigate the microesgagion of the as cast specimens as shown in
Table.2.
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Table 2. EDX-elemental analysis of the micro-congtients in as cast alloys

Sments C cr Mo W Ti Co Ta Ni

nin as cast fine 0.19 4.31 0.84 1.17 15.9¢4 7.19 0 3.0 Bal.

1 in as cast coarse 1.89 5.72 1.90 2.3Y 14.07 8.33 .46 6 Bal.
o in as cast fine 0.31 33.85 9.73 4.68 5.0% 11.15 201. Bal.

o in as cast coarse 0.78 36.7p 20.37 10.01 2.29 9.68 3.45 Bal.
MC in as cast fine 6.84 0.35 1.63 7.63 23.3b 0.1y 6.9% Bal.
MC in as cast coarse 6.35 1.26 1.98 8.01 20.32 0.63 56.71 Bal.

The partitioning coefficient, k', was calculated tcharacterize the degree of micro-
segregation between dendrite core and interdenddteas represented by eutectily’.

k' is the ratio between the element compositiondendrite core and the composition of
the same element in eutectigy’ zone. Table 2 shows the partition coefficient of
important elements in the experimental Ni base mllpgs used in this study. There
are two groups of alloying elements according te thortioning coefficient. The first
group of elements symbolized (G1) has k' higheantlone such as W, Mo, Co and Cr.
These elements segregate to the dendrite coregdsmlidification.

However, the other group of elements symbolized(@8) has k' lower than one like
Al, Ti and Ta. These elements of this group arefepably segregated to the liquid
during solidification process ultimately solidifginn interdendritic zones.

lll.11l.Laser Raman Spectroscopy:

Fig.3, shows the laser raman spectra recorded for nothemaasted Ni-alloy inside the range
300-550 crit to identify different vibrational modes of nicka$ major constituent of Ni-alloy . It
was observed that the most common vibrating moflési-® lie at 364 , 400 and 510 ¢hby
additional to vibrating mode appears at 476 amhich is revealed to NDs-phase . These results
are in full agreement with those reported by [E8ithermore there are some extra bands appear
in Fig.3a like those lie at 309 ,379 ,446 ,461 &hé cm-1 which are assigned@&sor p-Ni-OH
vibrating modes as reported in [26] .

To identify some of minor phases constituent in itterfacial layers of Ni-base super-alloy
another scanning of raman spectra was construntéidei range in between 800-1200 tas
clear in Fig.3 .
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Fig.3a: Raman spectra recorded for casted —non-smtiwd Ni-superalloy showing different vibrational mades
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Fig.3,: Raman spectra recorded for casted —hon-smoothedi{duperalloy showing different vibrational modes

of Cr-O ,Ti-O and Mo-O moieties

It was obviously that there are multi-mixed vibomal modes assigned as the following

sequence |

(i) blue circles assignment which lie at 819 ,858,8940 and 952 chare attributable to Crlll-

CrVI-O vibrational modes .

(ii) vibrational mode lies at 451,701 and 920 cim corresponding to Ti-O mode as confirmed

by Ramya et al. [26] .
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(iii) vibrational mode lie at 667,716 ,751 ,78%a935 crit is corresponding to W-O modes.
(iv) vibrational mode lies at 1005 ¢his corresponding to Mo-O vibrating mode and fipall
(v) vibrational mode lie at 364,499,510, 1085 twhich are belonging to Ni-O modes.

These results are consistent with those reporteld18y19,20 and 21 ] who investigated nickel-
stainless alloy namely 316LN SS alloy by laser narspectroscopy and they characterized
different vibrating modes existed in the corrodegifacial surface of Ni-alloy .

The present results can be understood on the teidNi-based alloy could be passivated and
form some metal-oxides according to the compositibthe interfacial layers which means that
Ni-based-alloy vibrating modes are preparative didtwns dependent .

In the case of compounds of chromium on the paksivsurface of Ni-alloy, they will exist as
Cr(Ill) or Cr(V1). The moderate intensity peak &0Bcni* was attributed to Cr(Ill) and Cr(VI)
mixed phase [27 - 32], which was slightly red sdftoy a few wave numbers (around 871—
885 cm?). Also, a weak peak around 520-570tmvas due to GOs [29], which was
diminished and overlapped with the frequenciesickel oxides, thus indicating the possibility
of existing in the form of NiGO,.

Apart from the presence of chromium and Titaniundesg, one could expect contributions of Ni
as NiO at the surface layer. The reported valué¢hfereat of formation of NiO was found to be
equal —243.19 kJ mdi[33]. CrO; has more negative heat of formation, i.e., —~106&5mol™.
Hence, Cr would preferentially get oxidized andkelcwas expected to be segregated at the
oxide interface [34]. Garke et al. [35] showed ttitre was only a small amount of nickel in the
oxide/metal interface, where there was no chandkedmickel concentration and the nickel was
in elemental state in the segregated zone. Sinc ¢dRnot trace out individual elements [36],
the presence of elemental Ni could not be detediedn if all the Ti,W and Cr get oxidized,
paving way to nickel oxidation, still it was diffitt to sense the presence of traces of elemental-
nickel due to the limited sensitivity of LRS.

CONCLUSIONS

The conclusive remarks inside this article couldbefed in the following points ;

1- The structural investigations confirmed that i crystallized in rhombohedral structure
with R3R space group and NiT§@ould be present on Ni-superalloy surface .

2- Laser Raman spectroscopy (LRS) could be usepiagative technique to identify different
phases constituents that present in the interfegyal of the Ni-alloy surface since

a- Ni-O vibrational modes lie at 364,499,510, 1685

b- vibrational mode lies at 1005 &ris corresponding to Mo-O vibrating mode .

c- vibrational modes lie at 451,701 and 920'are corresponding to Ti-O modes .

d- vibrational mode lies at819 ,858,875, 940 an@ @&i‘are attributable to CrllI-CrVI-O
vibrational modes .

e- vibrational mode lie at 667,716 ,751 ,765 a8l €ni' is corresponding to W-O modes .
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