
ORIGINAL RESEARCH ARTICLE

Toward Highly Dense Yb-Silicate Microstructures Deposited
by Air Plasma Spray for Environmental Barrier Coating
Applications I: Influence of Local Deposition Rate

Emine Bakan1 • Edward J. Gildersleeve V1
• Robert Vaßen1

Submitted: 29 September 2024 / in revised form: 31 December 2024 / Accepted: 17 January 2025 / Published online: 2 April 2025

� The Author(s) 2025

Abstract Environmental barrier coatings (EBCs) are used

to shield high-temperature Si-based ceramic matrix com-

posite gas turbine components from the harsh, water vapor-

rich operating environment. The success of this application

is directly correlated to the intrinsic gas tightness or her-

meticity of the EBC volatilization barrier, which are typi-

cally rare-earth disilicates. For the air plasma-sprayed

(APS) EBCs, the hermeticity is directly related to the

processing parameters during deposition. In this work, the

effect of surface speed and feeding rate on the

microstructural evolution of plasma-sprayed Yb2Si2O7

coatings was studied. A qualitative assessment by means of

microstructure analysis of hermeticity after crystallization

heat treatment and the influence of the aforementioned

processing parameters is discussed. It was found that uti-

lizing lower feeding rates can minimize certain types of

disadvantageous cracking in the as-deposited Yb2Si2O7

coatings. Moreover, at these low feeding rates (*1-5.4 g/

min) regardless of the selected surface speed (250-

1250 mm/s), highly dense Yb2Si2O7 microstructures could

be obtained in the as-sprayed state. Contrastingly at higher

feeding rates (*46.2 g/min), deleterious Yb2SiO5 band

formation was observed at the top of each spray pass,

which correlated to worsened cracking in the microstruc-

tures, particularly at low surface speed (250 mm/s). The

monosilicate band formation was linked to the fine particle

fraction of the feedstock (i.e., particles\ 15 lm), and by

sieving out this fraction the band formation could be

eliminated when spraying at the higher feeding rate.

Keywords APS � EBCs � hermeticity � local deposition
rate � microstructural evolution � Yb2Si2O7

Introduction

SiC-based ceramic matrix composites (CMCs) are con-

sidered more advanced than Ni-based superalloys for gas

turbine applications due to their superior high-temperature

performance, reduced weight, and enhanced thermal sta-

bility (Ref 1-4). However, all SiC-based materials for use

in high-temperature combustion environments also need

protective coatings because of the volatilization of ther-

mally-grown silica upon water vapor impingement (Ref

5, 6). So-called Environmental Barrier Coatings (EBCs)

are used for this purpose. State of the art EBCs are typi-

cally two-layer structures that consist of an intermediary

bond coat (Si) and volatilization barrier top coat (e.g., (Y

and/or Yb)2Si2O7) (Ref 7-9) (Ref 10-14). For optimal

performance, the volatilization barrier should be gas-tight/

hermetic in order to shield the Si-based materials (either

the SiO2-forming Si bond coat or the SiC substrate) from

impinging water vapor. However, established manufactur-

ing methods for fabricating Yb-silicate layers, in particular

thermal spraying, have faced challenges in building her-

metic coatings. These challenges stem from both the for-

mation of secondary phases with higher thermal expansion

coefficients (CTE) and the as-fabricated amorphous struc-

ture of the coating (Ref 12, 13).

In the APS process, the formation of secondary phases is

attributed to the inflight vaporization or volatilization of

SiO species from molten Yb2Si2O7 particles, resulting in

the deposition of SiO2-depleted Yb-silicate phases; pri-

marily these inflight-volatilized-particles manifest in the

coatings as a mixture of Yb2O3 and Yb2SiO5 (Ref 15). The
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CTE of Yb2SiO5 is 7.2 ppm/K while the Si, SiC and

Yb2Si2O7 have CTEs in the range of 4-5 ppm/K (Ref 16).

Consequently, the amount of Yb2SiO5 in the Yb2Si2O7

coating will dictate the CTE mismatch stresses in the

system. According to high-temperature x-ray diffraction

and dilatometric measurements, both of which are used to

determine the crystallization temperature of materi-

als/coatings, Yb2Si2O7/Yb2SiO5 coatings start to crystallize

at about 1000 �C (depending on the heating rate chosen)

(Ref 17, 18). In traditional APS processing, maintaining

steady-state component temperatures at this magnitude is

not possible. As such, rapidly quenched Yb2Si2O7/Yb2SiO5

particles impinging the Si-coated SiC substrate will remain

amorphous upon deposition. The as-deposited crystallinity

content has been shown to be controllable by increasing the

deposition temperatures above 1000 �C by plasma spraying

onto samples contained in a furnace (Ref 19) or, alterna-

tively, plasma heating in very low pressure plasma spray

processes (Ref 12). However, the scalability and feasibility

of such processing remains questionable. Therefore, in

most cases, the post-deposition crystallization heat treat-

ment will be applied and lead to microstructural changes in

the Yb2Si2O7 coating. For example, spherical pore forma-

tion in the place of the as-deposited microcracks; based on

an in-depth image analysis study, the evolution of the

microstructure after crystallization results in an increase in

the total porosity of the coating (Ref 20).

In traditionally plasma-sprayed ceramic materials, the

porosity (prior to any subsequent heat treatment) that is

observed stems from a combination of factors. The rapid

microsecond quenching from the molten/liquid state while

constrained to a rigid substrate results in the development

of substantial stresses (Ref 21, 22). These quenching

stresses contribute to the formation and evolution of

through-thickness channel cracking on the individual dro-

plet (or splat) level, which then manifests in coatings as

microcracks (Ref 23-25). In addition, processing gases can

be captured and entrapped within the molten droplets in

flight as well as in the coating itself as successive droplets

impact the substrate—which forms in the coating as

spherical or globular porosity (Ref 26-28). Lastly, hori-

zontal, or lateral (in 2D) cracks and/or delaminations that

run parallel to the coating-substrate interface can form due

to either poor splat-to-splat bonding or in response to

stresses surrounding the aforementioned existing microc-

racks (Ref 23-25). In the case of microstructural evolution

during heat treatment and crystallization of APS Yb2Si2O7

EBCs, it was found that each of these unique pore features

in a plasma-sprayed coating evolve differently from each

other (Ref 20). An example of this can be seen in Fig. 1

which shows the microstructure of an air plasma-sprayed

Yb2Si2O7 coating (see plasma spray condition #1 in

Table 1 in the experimental section) in the as-sprayed/

amorphous state (Fig. 1a) and after crystallization heat

treatments (Fig. 1b-c). Horizontal arrows (blue) mark the

vertical microcracks (intralamellar cracks) in the

microstructures while tilted arrows (orange) indicate the

horizontal cracks (interlamellar cracks). It can be seen that

even after a single-step high-temperature heat treatment

(Fig. 1b, 20 h at 1300 �C, hereinafter will be referred to as

the ‘standard heat treatment’), the vertical microcracks

nearly disappear, as they transform into spherical pores due

to viscous flow (Ref 20). After the two-step heat treatment

(Fig. 1c, 40 h 975 �C ? 10 h at 1300 �C), which was

designed to suppress the viscous flow (Ref 20), vertical

cracks are still visible in the microstructure. However,

regardless of which heat treatment is chosen, horizontal

Fig. 1 Backscatter SEM microstructure of air plasma-sprayed

Yb2Si2O7 coating in the as-sprayed state (a), after 20 h at 1300 �C
(b), after 40 h 975 �C ? 10 h at 1300 �C (c)
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cracks always remain in the microstructure (Fig. 1b,c).

Moreover, the horizontal cracks appear to open more

aggressively during the standard heat treatment (clearly a

debit to final hermeticity), again indicating microstructural

dependency on the viscous flow of material (Fig. 1b).

Answering the question of why horizontal cracks do not

transform into spherical pores as the vertical microcracks

do is beyond the scope of this study. However, it is clear

that, if one can reduce the number of horizontal cracks in

the as-sprayed microstructure, the overall hermeticity of

the EBC can be improved, even after a single-step heat

treatment.

Therefore, in this study, reducing the as-deposited

porosity, more specifically minimizing the number of

horizontal cracks was targeted. From the published litera-

ture, there are very limited works that approach the hori-

zontal cracks in plasma-sprayed ceramic coatings

specifically. It is only known that utilizing a higher torch

power (e.g., by increasing the spray current), results in

lower porosity levels in the as-sprayed microstructure due

to higher particle temperatures subsequently more well-

molten particles in the spray stream (Ref 20, 29-33). It was

also shown that by increasing the H2 content of plasma gas

at a constant spray current, which also increases the torch

power, the same effect can be observed (Ref 13). However,

to the best of the authors’ knowledge, there is no system-

atic study published investigating the relation between the

unique crack geometries (e.g., horizontal and vertical

microcracks) and individual process parameters. Thus, the

effect of surface speed and feeding rate, which determine

the local deposition rate, on the formation of crack patterns

was investigated in this study. For simplicity, the concept

of ‘local deposition rate’ is an amalgamation of the particle

feeding rate and torch-to-component surface speed which

captures the local ‘amount of material’ that is deposited in

a single point in space/time. The experiments were

designed around understanding how the horizontal crack

concentration specific to APS Yb2Si2O7 can be controlled

based on the local deposition rate. From these results, a

strategy toward designing processing conditions for APS

EBCs while simultaneously bearing the final heat-treated

microstructural evolution mechanisms in mind is

presented.

Materials and Method

The Yb-silicate coatings were manufactured by using a

commercial Yb2Si2O7 feedstock (d10/d50/d90 = 14/28/

57 lm, Höganäs, Sweden) in a MultiCoat system (Oerlikon

Metco, Wohlen, Switzerland) with a three-cathode Tri-

plexPro 210 spray torch mounted on a six-axis robot (IRB

2400, ABB, Switzerland). The Yb2Si2O7 feedstock did not

contain any secondary Yb2SiO5 phases; the XRD diffrac-

togram of the powder can be found in the supplementary

file. The plasma spray conditions are summarized in

Tables 1 and 2. Because the local deposition rate was

modulated throughout this study, it was important to con-

strain the final as-deposited coating thickness as rigorously

as possible, so as to avoid undesired microstructural arti-

facts due to increased/decreased coating thicknesses (Ref

23). The experiments were broken down systematically in

an effort to isolate the individual contributing components

of the local deposition rate (feed rate and surface speed)

and resolve their individual contribution to the as-deposited

microstructure. A typical ladder-style meander pattern was

used to deposit the coatings in this study. The meander

width was 200 mm for all experiments with a step size of

2 mm. In total 16 strokes were used to cover the entire

surface of 25 9 25 93 mm Si bond-coated sintered a-SiC
substrates (Saint Gobain Ceramics, Niagara Falls, NY). Si

Table 2 Yb2Si2O7 feedstock air

plasma spray conditions
Spray parameters

Plasma gas composition 49 slpm Ar, 1slpm H2

Spray current 325 A

Spray distance 90 mm

Nozzle diameter 9 mm

Raster speed 250-1250 mm, s varied

Feeding rate 1-46.2 g, min varied

Table 1 Variation of surface speed and feeding rate at different

experiments. Note that the number of passes were adjusted in each

experiment to achieve a similar coating thickness (300-400 lm)

Experiment Surface

speed, mm/

s

Feeding

rate, g/min

Number

of passes

Thickness per

pass, lm

#1

(Baseline)

500 23.1 8 50

#2 250 5.4 16 23

#3 1250 46.2 9 36

#4 250 46.2 2 200

#5 1250 5.4 55 6

#6 250 1 85 4
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bond coat spraying conditions and feedstock information

can be found elsewhere (Ref 34).

Specimen temperatures were measured during deposi-

tion from the front and backside of the specimen using a

NiCr thermocouple (Omega Engineering, Deckenpfronn,

Germany, data acquisition 1 Hz) attached to the back of the

samples as well as an infrared camera (Xi 400, Optris,

Berlin, Germany, data acquisition 30 Hz) from the speci-

men surface, assuming the emissivity as 1 leading the

infrared camera to underestimate the temperature. An area

of approximately 10 9 10 mm2 at the center position of the

substrate was used for the IR camera measurements and a

temperature range of 150-900 �C was chosen from the

software. Particle diagnostics during spraying were per-

formed using the commercially available DPV Millenium

Edition (Tecnar Inc., QA, Canada) (Ref 35). It is critical to

note that for all experiments in this study, particle injection

optimization was carried out to ensure uniform, consistent,

and reproducible particle-plume interactions from run-to-

run (Ref 36). Measurements of the particle state were taken

in two modes: at the center of maximum counted particles

within the plume and as a 30 9 2 mm grid with a step size

of 1 mm and measurement time of 1000 ms or 1000 par-

ticles per data point, whichever comes first. Metallographic

cross sections of the coatings were prepared for

microstructural investigations via scanning electron

microscopy (SEM, TM-3000, Hitachi, Tokyo, Japan).

Results and Discussion

Effect of Surface Speed and Feeding Rate

on Coating Microstructure

In order to explore the effect of surface speed and feeding

rate on coating microstructure, initially two spray experi-

ments (Table 1, #2-3) were conducted for comparison with

the baseline spray condition #1 (Fig. 1). Figure 2 shows the

microstructure of these coatings in the as-sprayed state (a,

b) as well as after crystallization heat treatments (a1, a2,

b1, b2). It can be seen from the micrographs that lowering

the surface speed and feeding rate at the same time (#2)

was productive in minimizing horizontal cracks in the

microstructure (Fig. 2a, a1, a2). Whereas a higher surface

speed and feeding rate clearly generated the opposite effect

(Fig. 3b, b1, b2). The reasons for these differences from a

process-microstructure perspective are discussed below.

Improved interlamellar bonding in thermally sprayed

ceramic coating microstructures has been linked in the past

to higher deposition temperatures (Ref 37, 38). Given the

choice of reducing the surface speed for experiment #2, it

was plausible to consider the microstructure result in Fig. 2

as a consequence of increased deposition temperatures.

Fig. 2 Cross-section backscattered SEM microstructure of coatings

produced using spray condition #2 (a, a1, a2), and #3 (b, b1, b2).

Images (a), (b) show the as-sprayed microstructure, (a1), (b1), and

(a2), (b2) are the microstructures after standard and two-step heat

treatments, respectively
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Therefore, measured deposition temperatures at the lowest

(experiment #2) and highest surface speed (experiment #3)

spray conditions were compared, as shown in Fig. 3. The

thermocouple readings revealed much less scattering due to

lower data acquisition frequency in comparison with the

thermal camera, however average temperatures measured

with both methods appeared consistent. As indicated by the

line drawn through the datasets, the average deposition

temperatures were measured as * 285 and * 250 �C at

experimental conditions #2 and #3, respectively. Of course,

the specimen surface undergoes extreme thermal excur-

sions as the spray plume impacts and traverses along.

While the IR camera was sampling at its maximum

allowable frequency, it is likely that ultra-localized tem-

peratures were higher than what is resolvable by this

technique. Nevertheless, the maximum deposition temper-

atures acquired from IR camera were compared for

equivalent sampling and spatial conditions. As seen in

Fig. 3, the maximum temperature data were also quite

similar (455 vs. 440 �C) in both spray conditions. Based on

these, with the available temperature measurement tech-

niques, it could not be confirmed that lower surface speeds

result in significantly higher deposition temperatures for

this APS EBC process. One possible explanation could be

due to the concurrent reduction of the feeding rate used in

this experiment #2, which would inevitably lower the heat

load onto the specimen. From these conclusions, it was

necessary to explore the opposite extremes: low surface

speeds with higher feeding rates and vice versa.

Figure 4 shows the cross-section microstructure of the

coatings sprayed with conditions #4-5 (Table 1) to make a

direct comparison with #2-3, respectively. When a low

surface speed combined with a high feeding rate is used, a

Yb2SiO5-rich band (evident with the brighter backscatter

contrast) was observed at the top region of each deposition

pass, as indicated in Fig. 4a-a1. Through-thickness

mudcracks formed in this layer which seemed to bifurcate

at the Yb2SiO5-rich/Yb2Si2O7 boundary (marked with

yellow and blue boxes, respectively). Presumably, these

vertical mudcracks were initiated due to the higher CTE of

Yb2SiO5, which led to the manifestation of in-plane tensile

stresses in the Yb2SiO5-rich band during cooling as the

torch departed. The mud cracks bifurcated at the Yb2SiO5-

rich/Yb2Si2O7 interface suggesting the propagating crack

front experienced compressive stresses due to the CTE

mismatch.

The vertical mud cracks can also be found at the top

region of the first pass (Fig. 4a1), and these cracks probably

acted as an initiation point for vertical cracks to propagate

into the second pass, which would result in the presence of

vertical cracks through the thickness of the Yb2Si2O7-rich

(Fig. 4a1, blue box #2) region. This would explain why

such vertical cracks were not observed in the Yb2Si2O7-

rich region of the first pass. On the one hand, the Yb2SiO5

band appeared to exacerbate the cracking in the

microstructure. However, it cannot be discounted that a

high single-pass deposition thickness (150-200 lm) might

have contributed to the observed cracking in the

microstructure (stored elastic strain energy is proportional

to the thickness (Ref 39)), as well. The reason of Yb2SiO5

band formation will be further discussed below.

In contrast to the highly cracked microstructure obtained

using spray condition #4, condition #5 yielded a highly

dense microstructure (Fig. 4b-c). Horizontal cracks were

significantly minimized, and due to low pass thickness

(Table 1), intralamellar cracks were also smaller in com-

parison with #2 (Fig. 2a) where the feeding rate was con-

sistent but the surface speed was lower (250 mm/s as

opposed to 1250 mm/s). This experimental result also

confirmed that for the APS EBC deposition process, the

deposition temperature, which was even slightly lower than

#3 (average * 220 �C), does not seem to play a decisive

Fig. 3 Temperature measurements of samples during plasma spraying under conditions #2 (a) and #3 (b). Note that pre-heating conditions

(500 mm/s, 2 passes) were the same in both experiments (in all experiments)
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role in the formation of horizontal cracking. From the

microstructural comparisons of #2-3-4-5, it was concluded

that the low feeding rate was unilaterally beneficial to

minimize the horizontal cracking in the microstructure

regardless of whether low or high surface speeds were

used. One hypothesis is that, intralamellar (vertical)

microcracks may be promoting the initiation of horizontal

cracks if there is sufficient energy stored. By reducing the

pass thickness through using a lower feeding rate, the

available elastic strain energy that could drive 3-dimen-

sional microcrack propagation (intralamellar crack exten-

sion and interlamellar crack initiation) was also reduced. In

order to validate this hypothesis, and assess if the

intralamellar crack length could be further reduced, a final

experiment (#6) was performed using an ultra-low feeding

rate. The microstructure of this coating be seen in Fig. 4 (d-

e). Supporting the previous findings, regardless of the low

raster speed, the horizontal cracks were minimized and the

vertical crack length could be reduced down to the 3-4 lm
range (Fig. 4e, inset).

Understanding the Formation of the Yb2SiO5 Band

at High Feeding Rates and Removing it Completely

In order to investigate the Yb2SiO5 band formation, a

specialized robotic toolpath used in a prior work to

understand the evolution of the coating microstructure

based on a spatial understanding of the spray plume was

used (Ref 40). This ‘bead experiment’ was performed as

demonstrated in Fig. 5a, where robot makes a loop rather

than following a ladder pattern. The spraying conditions

were identical to #4 (250 mm/s, 46.2 g/min), where the

Yb2SiO5 band formation was observed, notwithstanding

the modified robot toolpath.

Note that the Yb2SiO5 banding is hypothesized to have

also formed at spray condition #3, where also high feeding

rate was used (Fig. 2b, b1, b2). However, as the pass

thickness was lower due to higher surface speed

(1250 mm/s) at #3, the thickness of the individual Yb2SiO5

bands should be smaller, and therefore it was more difficult

to discern it. For that reason, the bead experiment was

performed at the lower surface speed. Figure. 5 shows the

cross-section images taken from the centerline of the bead

Fig. 4 Cross-section

backscattered SEM images of

the coatings sprayed with

conditions #4 (a, a1), #5 (b, c)

and #6 (d, e). Yellow and blue

boxes in (a) and (a1) are

marking Yb2SiO5-rich and

Yb2Si2O7-rich sections in the

coating sprayed using two

passes, respectively. (a), (a1),

(b) and (d) are as-sprayed,

(c) and (e) are 2-step heat-

treated microstructures
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(section X-X) (b, b1) at different magnifications as well as

from the fringe of the bead (section Y-Y) (c). Due to

Gaussian distribution of particles, the thickness at the

centerline of the bead (Fig. 5b, b1) was significantly thicker

than the fringes (Fig. 5c). Additionally, it was evident from

the image contrast that the chemical composition of the

EBC layer was different at the centerline when compared

to the fringes, i.e., the centerline contained significantly

less amount of Yb2SiO5 (the phase with lighter backscatter

contrast).

These new bead results suggested that there should be

considerable deviations in the spatial distribution of parti-

cle states in the plume. Therefore, particle diagnostic

measurements as outlined in the Methods section were

performed using the same deposition conditions (#4, note

that the robot is stationary during these measurements) to

map the spatial distribution of particle flow rate, tempera-

ture and diameters in the plume as shown in Fig. 6. Particle

flow rate showed a symmetrical distribution, with the

highest flow rate located at the center, which gradually

reduced toward upper and lower fringes (Fig. 6a). Particle

diameters on the other hand were rather asymmetrical,

particles with a diameter smaller than 15 lm were found in

the upper half of the plume cross section (toward the

injection point) while larger particles were detected in the

lower half (toward the ground, Fig. 6c). Considering radial

injection conditions used in this study this result is

expected. Finer particles have a lower mass and therefore

experience less momentum when entering the plasma

plume compared to larger particles. As a result, finer par-

ticles are more likely to be carried along with the flow of

the plasma plume (Ref 41). Correspondingly, particle

temperatures were higher at the upper half and vice versa

(Fig. 6b). The presence of simultaneously finer and hotter

particles would imply particles existing with a more pro-

nounced evaporation of SiO species from Yb2Si2O7, it

could explain the higher Yb2SiO5 content at the plume

fringes as observed in the bead experiment (Fig. 5c).

In order to test this hypothesis, a second Yb2Si2O7

feedstock (Oerlikon Metco Inc. Westbury, NY, USA) was

sieved to remove the fine particle fraction and used for

another experiment. Because there was an insufficient

amount of powder left at this point from the original

experiments for further testing. After sieving, the second

feedstock had a size distribution of d10/d50/d90 = 26/46/

71 lm. Here again, injection optimization experiments

Fig. 5 Schematic of the bead

experiment (a), made cross

sections (a1) and thickness

distribution of the bead in

different cross sections (a2).

Arrows in (a) show the

trajectory of the robot during the

experiment and the position of

the SEM image taken in (a2).

Backscattered SEM images

were taken from the centerline

(section X-X) of the bead (b,

b1) and as well as from section

Y-Y (c)
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were performed to determine the necessary carrier gas flow

rates for all new feedstocks examined. Using this new

sieved powder, firstly, particle injection optimization and

temperature measurements were performed. It was deter-

mined that slightly different spray current levels were

needed in order to match the particle temperature distri-

bution with the original feedstock from earlier experiments

while constraining auxiliary parameters like plasma gas

flow rates. Matching particle temperature distributions (not

average particle temperatures) was vital here to ensure

there were as minimal differences to potential SiO

volatilization inflight as possible. As shown in Fig. 7a, such

a temperature-matched could be obtained at 335 A using

the second feedstock, i.e., a larger particle size distribution

required a slightly higher spray current to reach the same

particle temperature range. After that, coatings were

sprayed using the 250 mm/s surface speed and both 23.1 g/

min and 46.2 g/min feeding rates (similar to spray condi-

tion #4) but with the new 335 A spray current. The

microstructure of the coatings as shown in Fig. 7b-c

revealed no Yb2SiO5 band, regardless of the presence of

Yb2SiO5 phase in the feedstock (XRD diffractogram (S2)

can be seen in the supplementary file). Nevertheless, the

coatings had large through-thickness and horizontal cracks,

suggesting that not only the Yb2SiO5 band but also high

pass thickness promotes cracking in the microstructure.

This will be explored further in the second part of this

study.

Conclusions

This study aimed to tailor spray processing conditions to

eliminate as many of the horizontal cracks and/or delami-

nations in APS EBCs as possible in the as-deposited state.

To that end, it became necessary to understand the driving

force(s) and controllable input processing parameters that

could effectively alter that horizontal crack concentration.

The effects of surface speed and feeding rates (i.e., the

local deposition rate) in the air plasma spray process on

EBC coating microstructure were investigated. It was

found that;

• Horizontal cracks can be significantly minimized by

reducing the single-pass thickness, i.e., by utilizing

lower-than-expected feeding rates; this benefit is seen

regardless of slow/fast surface speeds.

Fig. 6 Particle flow rate (a), particle temperature (b) and particle diameter (c) maps in plasma plume cross section

Fig. 7 Particle temperature measurements of the two Yb2Si2O7

feedstock (d50 = 28 lm is the first feedstock, d50 = 46 lm is the

sieved feedstock) at different spray currents (a), cross-section

microstructure of the coatings sprayed at 335 A with the sieved

powder (the remaining spray parameters are identical to #4) using

23.1 g/min (b) and 46.2 g/min (c) feeding rate
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• At high feeding rates, Yb2SiO5 bands were observed at

the top surface of each spray pass. The thickness of the

band was significantly larger at low surface speed

conditions, and thereby cooldown-cracking due to CTE

mismatch strains was substantially more obvious in the

as-deposited microstructure.

• Particle diagnostics revealed that particles smaller

than * 15 lm diameter, which were mainly found

closer to the injection point, and their surface temper-

atures were higher than the larger particles at the lower

portion of the plume. These finer, hotter particles were

discerned to be the primary contributor to the Yb2SiO5

band formation by studying the plume profile bead

cross section.

• By sieving out the fine particle fraction, the disadvan-

tageous band formation could be eliminated, which

simultaneously improved the cracking in the coating.

However, high pass thickness for feedstock-optimized

spraying runs was still found to be a contributor to the

onset and propagation of large cooldown cracks (both

horizontal and vertical) in the APS EBCs. Further

experimental runs and spray condition design are

thereby required to combine the optimal characteristics

of these learnings in order to fabricate the most ideal

as-deposited APS Yb2Si2O7 microstructure that will

subsequently densify toward a fully gas-tight hermetic

coating.
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