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The effects of microstructural features on the performance gap in corrosion resistance
between bulk and HVOF sprayed Inconel 625

N. Ahmed, M.S. Bakare, D.G. McCartney, K.T. Voisey*.
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Faculty of Engineering,
University of Nottingham, NG7 2RDUK.
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Abstract

It is commonly observed that there is a performance gap éetthie corrosion resistance of
thermally sprayed coatings and the equivalent bulk nadtdiis is attributed to the
significantly modified microstructure of the sprayed cagirHowever, currently there is no
detailed understanding of which aspects of microstructurdifioation are primarily
responsible for this performance gap. In this work sedsigderately microstructurally
modified versions of the Ni-based superalloy Inconel 625 weréuced. These were
subjected to potentiodynamic electrochemical testinga,SO;, to investigate the links
between specific microstructural features and electroiciaimehaviour. Samples were
prepared by high velocity oxy-fuel (HVOF) thermal spraying,rlaseface remelting using a
high power diode laser and conventional powder sintering.ostiarctural features were
examined by optical and scanning electron microscopy and HHfegction.
Potentiodynamic testing was carried out on the followorgné of Inconel 625: wrought
sheet; HVOF sprayed coatings; sintered powder compactspiested wrought sheet and
HVOF sprayed coatings. Using the corrosion behaviour, i.sigasurrent density, of the
wrought sheet as a baseline, the performance of diffexens of Inconel 625 were
compared. It is found that a fine dendritic structure (@dtbociated microsegregation)
produced by laser remelting wrought sheet has no signifdsatt on corrosion performance.
Up to 12% porosity in sintered powder samples increases ssa/@a&urrent density by a
factor of only around 2. As observed previously, the passiverdudensity of HVOF sprayed

coatings is 20 - 40 times greater. However, HVOF coatinggsted to laser surface
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remelting are found to have a passive current density cldbattof wrought material. It is
concluded that, whilst porosity in coatings produces someak i corrosion resistance,
the main contributing factor is the galvanic corrosiotooélised Cr-depleted regions which

are associated with oxide inclusions within HVOF sprayeadpéss.

Keywords:. Inconel 625, HVOF, thermally sprayed coatings, corrosion,
electrochemical tests, laser surface melting

PACS codes: 81.65.Kn, 82.45.Jn, 81.15.Rs



1 Introduction

Inconel 625 has long been used in aqueous corrosive envirandwento its excellent overall
corrosion resistance [1According to Nevilleet al. [2], the passive film that forms on Inconel
625 is a mixed Fe-Cr oxide; and protects the material ftothdr corrosion. The ability of
wrought Inconel 625 to exhibit passivation at remarkably low cudemsity values during
polarisation tests is well established [3, 4]. However,ishi®t trueof thermally sprayed
coatings of Inconel 625; even when deposited by the relptnev high-velocity oxy-fuel
(HVOF) technique which tends to produce higher quality coatinisless oxidation and
porosity than other thermal spray methods Zhjanget al. [3] studied the aqueous corrosion
behaviour of HVOF Inconel 625 coatings, and found thap#ssive current density of the
sprayed coating in 0.5M430, was at least five times higher than that of wrought

Inconel 625. Shresthet al. [6] remarked that thermally sprayed Inconel 625 cgataould, at

best, match the performance of wrought stainless steel.

This difference in corrosion performance is generatiytaited to thenhomogeneous coating
structure primarily caused by pores and oxides formed duringigadgposition, as well as
the elemental segregation arising from the rapidly g@distructure. However, there are
contrasting views in the literature about the effecthe$e microstructural modifications on
the corrosion behaviour. For example, Shrestha f]dbundamore highly oxidised

Inconel 625 coating to possess poorer corrosion resistaheeeas Zhangt al. [3] noted that
Inconel 625 coatings with the lowest oxide content did na tfie lowest current density
values. The contribution of porosity is also contenti@esording to Neville et al. [4], it is no
longer a major corrosion issue for the HVOF process beqau®sity levels are typically less
than 1-2% in coatings deposited under optimised conditidms to the nature of thermal
spray procegsporosity and oxidation tend to occur immediately adjaceaath other [7]

making it difficult to determine the independent effeceath on corrosion performance.



In an effort to further improve the corrosion behavioticoatings, a number of researchers
have investigated the use of laser surface melting (U8M)L]. LSM of thermally sprayed
coatings has been shown to be able to significantly ingpcovrosion performanc@&his
improvement is attributed to elimination of interconnected sity@as well as general
homogenisation of the structure [8, Bpwever, some LSM treatments produce no
significant effects on corrosion performance [&] in other cases LSM effects, such as the

inhomogeneities produced by overlapping tracks, can degradsioorresistance [11]

The aim of the present work was to provide a more detailderstanding of how specific
microstructural features result in the observed perfocengap between bulk and sprayed
Inconel 625. In this study, a number of microstructurallylifred versions of Inconel 625
were produced namely: wrought (no oxides, no porosity), therrsptlyyed coatings (oxides
and porosity), sintered (porosity, no oxides), laseradelirought (rapidly solidified structure
largely free from oxides, no porosity) and laser melkedmally sprayed coatings (rapidly
solidified structure with loss of some oxide forming elategno oxides, no porosity).
Potentiodynamic electrochemical testings carried out in order to investigate links between

specific microstructural features and electrochemichabeur.

2 Experimental procedures

2.1 M aterials

Wrought Incone625 (UNS N06625) was obtained in the form of 5 mm thick colddolle
annealed sheet from Special Metals Corporation. Gasisgdrinconel 625 powder for
HVOF spraying with nominal size range -53+20 was used (Praxalti 328-5/T1265}.
Tablei gives the composition of the material in wrought and powaten §howing slight
differences (mainly in Fe content). The compositibthe wrought material is as determined
by spark emission spectroscopy whereas that of the powidemsa certificate of analysis

provided by the suppliers.



2.2 High-velocity oxy-fuel spraying

A MetJet-Il liquid fuel HVOF system (Metallisation Lired, Dudley, UK) was used to

deposit the coatings. In the MetJet system kerosenedsagdeuid fuel and is combusted

with oxygen to produce a hot gas jet into which the powder gtk radially injected

using nitrogen as the carrier gas. The operation of theagd detailed arrangement for
spraying are described in detail elsewH8leThe majority of the coatings were sprayed onto
mild steel coupons (60 x 25 xBm), although a small number were sprayed onto 5 mm thick
wrought Inconel 625 sheet for a specific set of corrosiperments. All substrates were grit
blasted and degreased prior to deposifidre spraying parameters used are given in Table ii
typically 30 passes of the spray gun were required at ersaspeed of 1 n1 so0 achieve

coatings with a thickness of approximately 350 pm.

2.3 Sintered samples

The same -53+2(m Inconel 625 powder used for HVOF spraying was also used to produce
the sintered samples. The powder was compacted to producegtieesn by using a single
action uniaxial hydraulic press at a compaction pressuB8®MPa. Prior to compaction, the
wall of the 22 mm diameter die was lubricated with lithist@arate mixed with acetone in
order to reduce the frictional losses at the wall of ikeadd also to ensure easy removal of
the compacted pellet. 13 grams of Inconel 625 powder were ufmunteach sample.

The compacted specimens were sintered in a laboratorgitigun carbide resistance heated
tubular furnace in a flowing argon environment with a flove @t approximately 0.2rhin™.
Flowing argon gas was used throughout the heating, isothenteirgy and cooling of the
materials to avoid any form of oxidation. Samples waresed at either of two temperatures,
1310C and 1325C, for 60 minutes. The heating rate was 20 Khiaillowed by isothermal
holding at the selected temperature for 60 minutes andcfig@oling. Pellets weighing 13 g

and 5 mm in height were obtained after sintering.



The density of the sintered samples was obtained by megs¢he mass and dimensions of
the samples. Porosity was calculated by comparing thatgdef the sintered samples,

psample With the bulk density of Inconel 62psui, as shown in Eqnl.

Pbulk ~ Psample

Porosity= x100% Egn. 1

Poulk
It should be noted that the pores in the sintered sarapeasot connected, hence the porosity

is referred to as non-interconnected porosity.

2.4 Laser surface melting

Laser melting was carried out by an industrial high power dasbr (HPDL)

ROFIN-SINAR DL 025, with maximum power of 2.2 kW and a wavelengt®4éf + 10 nm.
The laser head was stationary, with the beam vdstitedident on the samples which were
clamped to a CNC controlled x-y table. Both wrought Incé2&l and the thermally sprayed
coatings were laser treated within an Ar gas environmdergctangular beam (6 x 3 mm)
was focused on the surface so that the relative moveshémt laser and samples produced
~ 6 mm wide melt-tracks. The laser power was kept constabDat\W, the scan speed was
varied in the range of 500-20@@m min™ in order to generate resolidified structures with a

range of secondary dendrite arms spacings.

25 Electrochemical tests

Electrochemical performance was evaluated by potentiodyrnastginanacidic, 0.5M

H,SQ,, electrolyte. A three electrode cell was employed usiathods similar to ASTM G5-
94 and G61-86 test procedures. The sample, mounted in non-ceadesin, was ground to
a 600-grit finish on SiC paper and had an area of 100exposed to the electrolyte which
was maintained at 30 °C. The electrolyte was deaeratedrbgem gas purging for at least 30
minutes prior to sample immersion. Upon immersion of the kgrtige nitrogen gas tube was
held above the electrolyte surface to keep the environfmrenfrom oxygen. Thus the

experiments were conducted in oxygen free static conditmavoid the disturbance caused



by stirring the electrolyte. The sample (working eled&rd/VE) was allowed to stabilise for
60 minutes before polarising the potential against a mefersaturated calomel electrode
(SCE). Using a potentiostat (ACM Instruments, Cumbria @k)otentiodynamic polarisation
scan was performed with a sweep rate offR@0min™ from 250 mV below the 1-hour open
circuit potential to a limiting current density valoB10° mA m? to see the progression of
corrosion in the samples. The corresponding current ffletween the WE and a flag-type
platinum counter electrode (CE) was recorded. The repioititycof the passive current
density results was determined, by repeated measurementswght sheet samples, as

+ 9 mA m2. Selected samples wegelished to a 1 pm surface finish for subsequent
microscopic examination following removal from the solutanhe end of the polarisation

scan.

2.6 Characterisation

Microstructural examination was performed using optical aadréng electron microscopy
(SEM; FEI XL30 with an energy dispersive X-ray analysis systetmay diffraction (XRD)
was also used to identify phases present, this was cautietsing aSiemen<dD500
diffractometer with Cuk radiation In addition, a JEOL JXA-8200 SuperProbe electron
probe microanalyser (EPMA) was used for microchemicdiaisaincluding that of oxygen
using wavelength dispersive X-ray spectroscopy (WDS). Wkereguired, the samples
following grinding and polishing, were etched by immersing in aggga solution (3 parts

HCI, 1 part HNQ) at a temperature of ~35°C for ~10s

3 Reaults

31 Microstructure of wrought Inconel 625

The microstructure of the wrought alloy is shown in thecapmicrograph df Figure|1

Heavily etched grain boundaries are clearly visible alonly sub-grains and twins present

due to the prior cold rolling and annealing. A small quantity obsée phase particles was



also found to be present as shown in Figure 1b. Energgrdise X-ray analysis (EDX) in

the SEM indicated that these were rich in Ti and Nbsandere mostlikely to becarbides,

nitrides or carbonitrides

The XRD pattern obtained from the wrought sheet is shoyfagure 2 and the peaks can be

indexed as a face centred cubic structure, this\isas expected for a Ni-based alloy. The
peaks are seen to be of small angular width and no otheegbauld be detected in the XRD

pattern.

3.2 Microstructure of laser treated wrought material

Laser melting of wrought material resulted in the rapsdijidified microstructure featuring

aligned dendrites, as shownFigure 3 The micrographs were obtained from a section taken

parallel to the beam traverse direction. Evidentéydendrites have solidified with the <100>
growth direction tilted towards the moving heat source whiehtypical solidification

pattern for laser surface melting and welding [12, 13]. Thesomed secondary dendrite arm
spacings (SDAS) are includ@d Table iii and indicate that, as expected, SDAS decreases

with increasing traverse speed i.e. with increasing cododitey

3.3 Microstructure of HVOF thermally sprayed coatings of Inconel 625

The assprayed coating was ~350 um thick (Figure 4a)The coating had a characteristic

thermally sprayed microstructure, resulting from the sssiwe deposition of individual

powder particleg (Figure| 4byigure 4 ¢ shows a dendritic microstructure in the deformed

particles, thisvas a retained microstructure from the gas atomised feddgtoeder| Figure 4

c also shows that the coating is seen to comprise offrdefh near-spherical particles (P) as
well as lamellar splat-like features (L). These anieenfthe impact and solidification of
partially and fully melted powder patrticles respectively. fierostructure observed is

characteristic of coatings produced by this type of liquitlduae as discussed elsewhere [3].



As well as the distinctive lamellar structure the coatmgnged other microstructural features

typical of thermal sprayed coatingsemely pores and oxideBhe presence of oxides in the

thermally sprayed coatings was verified by XIRD (Figyre 2). HW®F coatings contained

peaks of GiOs, not observed in the wrought case. The strong peak4itresulting from the
v Ni face centre cubic matrix was broader in the coatimgpaoed with the wrought material.

This is due to a combination of fine grain size and/or micaoswithin the material [14].

Figure § a & b are secondary electron SEM images itidicthe oxide rich area of the

coating which was examined with EPMA. Figure 5{(¢j) show elemental concentration

maps of this region for the elements O, Ni, Cr and $peetively. In the top right and
bottom left corners of this region are areas whiclhesmond to unmelted particles. The
central region results from resolidification of neitmaterial and is seen to have a non-
uniform structure and composition with high levels of oxymelicating oxide formation. The
concentration maps reveal a clear association of higin@©O concentrations which confirm
the location of th€r,O3; phasen this interparticle and/or intersplat region. Therelss &lear

evidence for significant Cr and Nb depletion in the mietedigions in this area

34 Microstructure of laser-treated coatings of Inconel 625

Laser surface melting of HVOF coatings resulted inwactire which was free from the pores

and oxides found in the as-sprayed condifion (Figur&l® low magnification optical

micrograph in Figure [6a shows that the coating was meltediépta of approximately

200pm and that melting was confined to the coating, avoiding atingtsubstrate mixing.
Porosity was eliminated on resolidification and any pre-iexjsixides floated and
accumulated at the top surface. This top surface, and bemeecumulated oxide, was
removed by grinding before corrosion testing. Rapid saatibn following laser surface

melting produced the dendritic structure as shoyn in Fig\ur&h&bis identical to that

previously seen in the laser melted wrought material (Fi@I)JrEDX revealed that bright

interdendritic areas were enriched in Nb and Mo, while @tezd remained almost uniform



throughout the laser melted structure. The SDAS values wéren experimental error,

identical to those obtained for the laser melted wrouglénah

The XRD pattern of the laser melted coating (after thestwface had been removed by

grinding) is shown in Figure| 2. No oxide peaks are evidenfiroong that the oxide present

in the as-sprayed coating was removed.

35 Microstructure of sintered samples

The average poray of the sintered samplesa®12% and 6% for isothermal sintering at

1310C and 1325C respectively. No oxide peaks were detected in the XRD spddtia

sintered samplep (Figure 2). The etched SEM micrograpinsimpFigure 7 shows that the

marked segregation present in the as-sprayed coatingeatabén treated materipl (Figure

3|Figure % Figure |6) is absent from the sintered samplissalso clear that the pores had a

near-spherical morphology with diameters ~15-30 pum. Qxadds were not seen in the XRD

spectra of the sintered materjal (Figuje 2

3.6 Potentiodynamic tests

Figure § shows potentiodynamic scans in 0.5)8® for the various forms of Inconel 625.

Passive current density values, Ip, are listed in Tallegicurrent densities correspond to a
potential of 450 mV SCE, within the passive regidhis potential was chosen as it was well

within the passive range for all samples considereel her

In|Figure 8a the corrosion behaviour of wrought and laseetheltought materialvith a

traverse speed of 1000 mm mjrare seen to be almost identical with only a small difiee
in behaviour just above Ecorr. The average passive cuteesity measured for the wrought

material was 22 + A m2. This therefore indicates that the fine scale deindsitucture

with associated microsegregation had a negligible inflaen corrosion behaviopr. Figure

compares the wrought material with that of sintereaptes with different degrees of

porosity. The porosity did not affect the Ecorr value but is deeincrease Ip; increased



porosity caused a greater increase in Ip. In Figure Spdihaviour of wrought material, as-

sprayed HVOF coating and laser meltedting are compared.he laser melted coating
results are from a sample melted using a traverse spa&@@@ mm mifl. The as-sprayed
HVOF coating had a lower Ecorr valued and a significantly taigeabout 40 times that of

the wrought material. This is similar to previously measur#fdrdnces in HSO, [3]. Finally,

in|Figure 8d the behaviour of as-sprayed coatings on mid atel Inconel 625 and a de-

bonded coating are compared. All previous coating resudtertd deposits on mild steel and
the aim of this set of results was to identify any dbation of the substrate to the
polarisation results. The differences in behaviour ar@lsand within the experimental scatter
observed for a batch of as-sprayed coatings. Therafaas be concluded that there is not a
significant contribution from a mild steel substrate. €&@mmparison, the polarisation curve for

mild steel in the same solution is also displayed.

3.7 Characterisation of as-sprayed coatings after polarisation

Figure 9 presents as-sprayed coatings after polarigatibi and 16 mA m* respectively
In each micrograph the central, circular feature isranelted powder particle within the
coating. It was observed that the particle boundary regitarted to corrode preferentially
(Figure @). When current density values were increased, thesg laeeame more heavily

corroded and corrosion of the internal structure oftiats occurred (Figureb®

4 Discussion

The potentiodynamic results showT in Figufe 8c confirnpdrérmance gap between bulk

Inconel 625 and the HVOF Inconel 625 coating. It can alsede that lagesurface melting
of the sprayed coating largely eliminates the performanceHmapever, laser melting of the
coating, followed by resolidification, simultaneously ches several aspects of the
microstructure: porosity is eliminated on resolidificatiorides float and accumulate on the

top surface and are thereby removed from the mater@leisolidified material gains a



rapidly solidified microstructure replacing the original tave of unmelted and resolidified
regions To determine the effects of specific microstructural feztuthe potentiodynamic
results from the various deliberately modified microstrites of Inconel 625 (Figure 8) must

be considered.

The nature of the thermal spray process dictateptrasity is always found in the coating
structure. Interconnected porosity may compromise ftieetefeness of the coating as a
barrier to corrosive speciels order to identify any effect due to interconnected poyosit
three versions of the HVOF coatings were tested: HVOFrgpat a mild steel substrate;
HVOF coating on an Inconel 625 substrate; free-standing H&fEng. The similarity of

the polarisation curves (Figure)3dr all three coating systems indicated the abseheay
such effect. This might be due either to the absencaestonnected porosity, or for there
being insufficient time for the electrolyte to reach shéstrate through any interconnected
porosity during the course of the potentiodynamic tests (H2lgjther case, the results
confirmed that the observed polarisation behaviour irethests was due to the coating itself

and was independent of the substrate, i.e. no effects dutertoonnected porosity were seen

The similarity in behaviour of wrought and laser treated wroumyiptes (Figure 8a) reveals
that the presence of a rapidly solidified microstructureschot have any significant effect on

electrochemical behaviour. Therefore it can also aedtthat the observed microsegregation

Figure BFigure p) resulting from rapid solidification hassignificant effect on

electrochemical behaviour.

For both laser treated coatings and laser treated wrougtiamhathe secondary dendrite arm
spacing has a negligible effect. Although the average passivent density value seemed to

increase with secondary dendrite arm spacing for lasatel wrought material (Table

iiTable), the magnitude of the variation is comparabléecstatter in experimental data

While further experiments could determine if this is a eff@lct, it is clear that for the



material studied in this work the effect of secondaryddigmarm spacing is insignificant in

comparison to the other microstructural features coreader

It has already been established that there are no effieet® interconnected porosity in the
coatings considered in this work. However, non-intercot@teporosity is clearly present in
the coatings and may affect their corrosion behavioucrégice corrosion. The
potentiodynamic scans presented in Figure 8b show that sk&@a&urrent density decreases
as the level of porosity decreases. This indicatesatHagast part of the improvement in
corrosion behaviour observed after laser surface maifiggatings is due to elimination of
porosity. It is suggested that the presence of porogitgases the passive current density due
to crevice corrosion occurring in the pores. Eliminatibthe porosity eliminates this

mechanism of corrosion, hence improving corrosion tease.

However, the improvement due to laser surface melting gréater than that resulting from
reducing porosity levels from 12% to zero. Another aspe@spects, of the microstructural
modifications arising from laser surface melting mustefore be the main cause of the

observed improved corrosion behaviour.

Examination of samples after potentiodynamic testing (FiQudearly show that corrosion
is preferentially occurring in the regions between adyjasplats. These regions have a
complex heterogeneous microstructure (Figure 5) includingtam of nonmelted and
resolidified material, oxidised regions and porosity.drasirface melting eliminates all of
these features. The extent of the role of porosisydii@eady been identified. The relative
effects of the mixture of nonmelted and resolidifiedemiat and oxidised regions on the

corrosion performance gap now need to be examined.

The presence of @D; in the as-sprayed coatings means that there will havedwoeee
depletion in the Cr content of the remaining metaltiating since some of the original Cr
will have been consumed by oxidation during coating deposltaser surface melting of

assprayed coatings removes oxides generated during sprayingrssedibat to and



accunulate at the top surface when the coating is melteteblaser. This top, oxide rich,

layer is ground away before potentiodynamic testing. Thenmatested is oxide free but

will be uniformly slightly Cr depleted. Figurg 8c shows tlager surface melting of coatings

largely, but not completely, eliminates the performance §hap.passive current density seen
for laser treated coatings is still higher than thahefwrought material. The laser treated
coating has a rapidly solidified microstructure and,xg@dagned above, will be slightly
depleted in Cr. The presence of a rapidly solidifiedrastructure has already been shown to
have no significant effect on the observed potentiodynaesults. The minor Cr depletion is
therefore attributed to be the cause of the higher passikent density of laser treated

coatings compared to the wrought material.

Porosity and Cr depletion have both been shown to make sontribution to the observed

performance gap. However the magnitude of the performamckagayet to be explained.

While both as-sprayed and laser treated coatings areCoatépleted, the Cr depletion is
localised in the as-sprayed coatings whereas it is unifothe laser treated coatings. This is
because during coating deposition the feedstock powder padielggrtially molten and it is
only this molten outer layer that undergoes oxidatianweler, because the oxide forms on
molten material, there is no classic depletion prafiider the oxide. Rapid diffusion occurs
in the molten material, and hence the molten matieriastead uniformly depleted. On
impact and resolidification this results in the resakdifmaterial being depleted in Cr
whereas the nonmelted material retains the originab@teat. This results in a
microstructure consisting of regions of varying Cr contEatmation of galvanic cells is
therefore possible. Galvanic corrosion of the Cr deflegsolidified material is consistent
with the observation that the resolidified interspreaterial undergoes preferential corrosion.
This form of corrosion will be eliminated by laser surfagelting of coatings since the
regions of localised Cr depletion are eliminated. Ihesefore suggested that it is elimination

of this form of corrosion that is the main reason vasel surface melting is improving the



corrosion resistance of the coatings considered hasealso suggested that this galvanic
corrosion is the main reason behind the performance gaede® the thermally sprayed

coatings and the wrought material.

5 Conclusions

e The performance gap between bulk and HVOF sprayed Inconel &2§a$/ due to
galvanic corrosion between Cr depleted resolidified regimalsnon-melted material in

the coatings.

e The presence of non-interconnected porosity is dettahémthe corrosion resistance of

the as-sprayed coatings.

e Laser surface melting of HVOF coatings of Inconel 625 Igrgiminates the
performance gap due to the elimination of both porosityi@ralised regions of material

depleted in Cr.

e No effects due to the presence of interconnected porosity atserved.

e The corrosion behaviour of Inconel 625 is not significaokignged by the introduction

of a rapidly solidified microstructure.

e The corrosion behaviour of Inconel 625 is insensitive ¢éaréimge of secondary dendrite

arm spacings investigated in this work.
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Tables

Tablei: Chemical composition of Inconel 625, weight percent

Ni Cr Mo |[Nb |Fe |C Mn Si Mg |Al |Ti |Co
Wrought| 62.9 | 21.8 | 8.9 | 3.42 | 2.44 | 0.01|0.05 | 0.07{0.01 |0.1]0.2 0.1
Powder | 65.1 | 22.0 |{9.0 | 3.43|0.010.01{0.1 |0.2 |- - - 0.15




Tableii: HVOF spraying parameters

Oxygen Kerosene Nitrogen | Powder | Chamber | Nozzle | Spray

flow rate flow rate flow rate | feed pressure | length | distance

(/min) (ml/min) (/min) rate (bar) (mm) (mm)
(g/min)

910 480 5 80 7.8 100 350




Tableiii: Passive current density values measured for all samples, results correspond to

a potential of 450 mV with respect to a saturated calomel electrode.

Sample Speed Secondary | Passive current
(mm min*) | dendrite density, 450 mV

arm spacing| SCE (mA nf) =9
(um)

Wrought material 22

As-sprayed coating on mild steel 492

As-sprayed coating on Inconel 62 326

Free standing coating 634

Sintered sample 6% porosity 34

Sintered sample 12% porosity 54

Laser melted wrought 500 24+0.3 15

Laser melted wrought 1000 1.9+£0.2 24

Laser melted wrought 1500 1.5+£0.3 33

Laser melted wrought 2000 1.3+£0.1 36

Laser melted coating 500 25+0.3 33

Laser melted coating 1000 1.9+£0.3 29

Laser melted coating 1500 1.7+£0.1 37




Figure captions

Figure 1: Optical micrograph of etched wrought Inconel 625; f@ntagnification showing
grain structure (b) higher magnification.

Figure 2: XRD patterns of the different forms of Inconel 62%lugeought, sintered, as-
sprayed HVOF coating, laser treated HVOF coating afterciganding to remove
accumulated oxides.

Figure 3: SEM secondary electron micrographs showing theélyagmlidified microstructure
of laser melted wrought Inconel 625, arrows indicate dabtraverse direction (a) 500 mm
min™ (b) 2000mm min™.

Figure 4. HVOF thermally sprayed Inconel 625 coating (a) SEMsry electron
micrograph showing full coating thickness (b) optical myceph showing the individual
splats from which the coating is formed (c) SEM secondlactron micrograph showing the
retained dendritic structure in deformed particles (Ryelsas lamellar splat-like features

(L).

Figure 5: Oxide rich region in as-sprayed coating and EPMpsr@ various elements for
the same area.

Figure 6: Microstructure of coating after laser surfactingewith a scan speed of
1000mni*. (a) optical micrograph, (b) secondary electron SEisge of the area indicated.

Figure 7: Secondary electron SEM images of an etchedlsafber sintering at 1325°C.

Figure 8: Potentiodynamic scans (a) wrought and laser meltathitr material,

(1000mm min™ traverse speed); (b) sintered samples with diffdeasets of porosity; (c)
wrought, as-sprayed HVOF coating and laser melted HVOF cod@ (nm min™ traverse
speed); (d) HVOF coated Inconel 625, HVOF coated mild steelsfeeeling HVOF coating
and uncoated mild steel.

Figure 9: As-sprayed HVOF coatings after polarisationtq@))® mA m?, (b) to10° mA m®*.
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