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Abstract It is usually difficult to deposit a dense ceramic

coating with fully bonded splats by plasma spraying at a

room temperature. Following the recent research progress

on the splat interface bonding formation, it was found that

there is a well-defined relationship between the critical

bonding temperature and the melting point of spray mate-

rial. Thus, it can be proposed to control the lamellar

bonding through the deposition temperature. In this study,

to examine the feasibility of the bonding formation theory,

a novel approach to the development of ceramic coating

with dense microstructure by plasma spraying through

materials design with a low melting point is proposed.

Potassium titanate K2Ti6O13 was selected as a typical

ceramic material of a relatively low melting point for

plasma spraying deposition of dense coating with well-

bonded splats. Experiment was conducted by using

K2Ti6O13 for both splat and coating deposition. Results

show that the splat is fully bonded with a ceramic substrate

at room temperature, and the K2Ti6O13 coating presents a

dense microstructure and a fracture surface morphology

similar to sintered bulk ceramic, revealing excellent inter-

lamellar bonding formation. Moreover, both the hardness

test and erosion test at 90� further confirmed the formation

of the isotropic ceramic coating with fully bonded

lamellae.

Keywords dense ceramic coatings � erosion behavior �
K2Ti6O13 � lamellae bonding � plasma spraying

Introduction

Ceramic coatings have been widely used in different

industrial fields (Ref 1). Different coating processes are

employed to deposit ceramic coatings such as thermal

spraying, physical vapor deposition, chemical vapor

deposition, slurry coating, dip coating, and anodizing.

Among all these processes, thermal spraying takes a two-

third market share in the field of advanced ceramic coating

fabrication in North America based on a survey report (Ref

2). It is evident that thermal spraying is one of the most

important processes to deposit advanced ceramic coatings.

Plasma spraying is a well-established process to fabri-

cate ceramic coatings (Ref 3). Oxide ceramics are the most

popular plasma spray coating materials which are usually

employed for spraying in ambient atmosphere such as

Al2O3, TiO2, TiO2-Al2O3, Cr2O3, and Y2O3-ZrO2 (Ref 4).

Availability of diverse ceramic materials benefits coating

selections to fulfill different functional requirements from

corrosion and wear protections to thermal barrier in dif-

ferent fields. For material protections from corrosion and

wear, the coating is generally required to have a dense

microstructure. However, it is well known that a thermally

sprayed ceramic coating usually presents a lamellar struc-

ture with a certain amount of pores, including globular

pores, interlamellar unbonded interface and vertical cracks

in individual splats. Among globular pores and inter-

lamellar pores, the later in the form of inter-splat unbonded

This article is an invited paper selected from presentations at the 2018

International Thermal Spray Conference, held May 7-10, 2018, in

Orlando, Florida, USA, and has been expanded from the original

presentation.

& Chang-Jiu Li

licj@mail.xjtu.edu.cn

1 State Key Laboratory for Mechanical Behavior of Materials,

School of Materials Science and Engineering, Xi’an Jiaotong

University, Xi’an 710049, Shaanxi, People’s Republic of

China

123

J Therm Spray Tech (2019) 28:53–62

https://doi.org/10.1007/s11666-018-0818-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s11666-018-0818-8&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11666-018-0818-8&amp;domain=pdf
https://doi.org/10.1007/s11666-018-0818-8


interfaces play a significant role in the determination of

coating properties (Ref 5). The existence of limited

lamellar interface bonding as interlamellar pore in the

ceramic coating was revealed by McPherson through TEM

examination of microstructure of Al2O3 coating (Ref 6) and

was then visualized through copper electroplating into

alumina coating (Ref 7). This feature was also confirmed in

the same way as copper plating into alumina coating in

plasma-sprayed Ni-20Cr coating by infiltrating Bi alloy

(Ref 8) and tungsten coating by infiltrating copper (Ref 9),

respectively. In addition, intra-splat cracks are also usually

observed within individual ceramic splats (Ref 10), which

are generated by the intrinsic quenching stress (Ref 10, 11).

The pores in the form of unbonded inter-splat interfaces

and intra-splat cracks are usually interconnected through

the whole coating, which allows easy penetration of a

corrosive gaseous material or liquid matter to the coat-

ing/substrate interface as revealed by infiltrating experi-

ments (Ref 7-9, 12-14). Therefore, the as-sprayed ceramic

coating is not able to provide protection for a metal sub-

strate against corrosion in corrosive environment. It is still

a great challenge how to deposit a fully dense ceramic

coating which can provide a metal substrate with excellent

protection against corrosion besides excellent anti-wear

resistance. On the other hand, the interface bonding dom-

inates the coating physical and mechanical properties

because a variety of coating properties are proportional to

splat interface bonding ratio (Ref 5, 15, 16). Thus, a limited

lamellar interface bonding sets up a low ceiling for prop-

erties of thermal spray coating in comparison with those of

the identical bulk materials such as thermal or electrical

conductivity, mechanical strength, or toughness, although a

low thermal conductivity is expected for thermal barrier

coating. For example, a linear relationship between fracture

toughness along the lamellar direction and the lamellar

bonding ratio (Ref 16) demonstrates a clearly such ceiling

for fracture toughness based on the effect of spray

parameters on interlamellar bonding ratio (Ref 5, 17). To

improve the toughness of thermal spray ceramic coatings,

many different approaches were attempted such as opti-

mization of coating microstructures [18], multilayered

coating design for durable TBCs [19, 20], and mimicking

the nacre-like structure (Ref 21, 22). However, the most

effective approach is to deposit a dense ceramic coating

with fully bonded splats, since evidently the fracture

toughness is proportional to lamellar bonding ratio both

theoretically (Ref 16) and experimentally (Ref 16, 23). It

has been a long-term challenge to design and deposit a

ceramic coating with a controlled lamellar interface

bonding ratio up to 100%.

It has been well understood qualitatively that increasing

the substrate temperature during spraying leads to

enhanced coating property due to improvement in the

interlamellar bonding formation (Ref 11, 24, 25). Recent

investigations revealed that there exists a critical deposition

temperature, above which a ceramic molten droplet at a

temperature above its melting point bonds completely to a

solid substrate surface (Ref 17, 26). Here, the deposition

temperature is referred to as the surface temperature of the

coating prior to droplet impact during deposition. More

important finding is that the critical bonding temperature is

linearly proportional to the melting point of spray materials

as shown in Fig. 1 (Ref 27). Based on such result, the

critical bonding temperature theory can be proposed for

control of splat bonding formation and deposition of a

dense thermal spray ceramic coating with sufficiently

bonded lamellae. This theory describes that the sufficient

condition for spreading ceramic melt to bond fully to the

previously deposited splat surface is that the melt/substrate

interface temperature must be higher than the glass tran-

sition temperature of the spray material. To fulfill this

condition, the coating surface temperature prior to molten

ceramic droplet impact must be higher than the critical

bonding temperature reported recently in the literature (Ref

27). Accordingly, it can be inferred that a dense ceramic

coating with fully bonded splats can be deposited at room

temperature in an ambient atmosphere when a ceramic

material having a melting point lower than about 1500 �C
is used. Although the bonding formation depends primarily

on the mobility of atoms in a supercooled melt during splat

cooling after a molten ceramic droplet impacts on the

substrate (Ref 27), such concept can provide a useful

guideline to develop coating materials which are deposited

at room temperature for providing an effective protection

against wear or corrosion.

Potassium titanate K2Ti6O13 (KTO) of tunnel structure

has more superior strength and reinforcement effect than

glass fiber and carbon fiber, and thus, it has been used as

reinforcement in metal, polymer, and ceramics (Ref 28-30).

Fig. 1 Relationship between the critical deposition temperature for

bonding formation and melting point of ceramic coating materials

(Ref 27)
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It also shows excellent performance as a functional mate-

rial such as biocompatibility, photocatalytic performance

for water splitting, and gas sensing, and as host structure

for Li-ion batteries [31-34]. Moreover, it presents excellent

corrosion resistance to alkali (Ref 35). Therefore, it could

be a potential coating material for wide applications. More

importantly, since potassium titanate K2Ti6O13 has a

melting point of * 1360 �C, it was selected in the present

study for plasma spraying to validate the above concept.

The bonding characteristics of K2Ti6O13 molten droplets to

ceramic substrate were investigated through splat deposi-

tion. The microstructure of plasma-sprayed K2Ti6O13

coating and morphology of fractured coating were char-

acterized to further reveal the lamellar interface bonding

feature in the coating. Moreover, the K2Ti6O13 coating was

subjected to erosion to examine the effect of the lamellar

interface bonding on coating performance since particle

erosion of a plasma-sprayed ceramic coating is sensitive to

interlamellar bonding.

Experimental

Materials and Coating Deposition Methods

The fine K2Ti6O13 powders were agglomerated to fabricate

thermal spray feedstocks. The agglomerated powders were

then sintered at 1100 �C for 15 h. Figure 2 shows the

morphology and cross-sectional microstructure of typical

agglomerate-sintered KTO powders. It can be seen that the

powder presents a near spherical morphology. After sin-

tering at 1100 �C, the powder becomes dense although

there were still some small pores inside the powder. X-ray

diffraction (XRD) analysis revealed that powders have a

rectangular tunnel structure with a nominal composition of

K2Ti6O13 (Fig. 3). In order to examine the effect of powder

size on the coating formation, the powders were sieved into

two particle size ranges: * 5-30 lm (fine powder) and

30-75 lm (coarse powder).

The coating was deposited on a sand-blasted stainless

steel substrate. For examining the bonding formation of

isolated splat, a surface-polished TiO2 was used as the

substrate. In order to obtain a clean surface without evap-

orative adsorbates and to ensure deposition of regular disk

splat, the substrate at a preheated temperature of 110 �C by

a copper heater was used to avoid moisture adsorption.

Since some physical adsorbed water molecules could be

completely desorbed at * 200 �C (Ref 36), the substrate

was firstly preheated to 250 �C and then cooled down to

110 �C.
Plasma spraying was carried out at the conditions given

in Table 1. Ar-H2 plasma jet was used to accelerate and

heat spray particles for generating a stream of molten

droplets for coating deposition. A plasma torch traverse

speed of 400 mm/s was used for coating deposition. In

order to obtain completely distinguished isolating splats, a

high torch traverse speed of 1200 mm/s was used for splat

deposition.

Fig. 2 Morphology and microstructure of KTO powder (30-75 lm).

(a) As-agglomerated KTO powder. (b) Cross-sectional morphology

and microstructure

Fig. 3 X-ray diffraction pattern of KTO powder for plasma spraying
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Characterization Methods

The splats were characterized by scanning electron

microscopy (SEM) from surface and fractured cross sec-

tions. The fractured sample was used for examination of

inter-splat bonding state.

The KTO coating was characterized through both the

polished cross section and fractured cross sections by SEM.

X-ray diffraction was used for phase characterization of the

coating. Moreover, micro-hardness of KTO coating was

tested at a load of 300 gf and 30-s loading time. Forty tests

were made and the average hardness was calculated. The

erosion test was conducted by successive feeding of 30 g

abrasives at impact angles of 60� and 90�, respectively.
Corundum particles with a nominal size of 250 lm were

used as abrasives. The detailed erosion test conditions can

be found elsewhere (Ref 37).

Results and Discussion

Typical Features of Plasma-Sprayed K2Ti6O13

Splats

Through controlling the substrate preheating, regular disk

splats were deposited. Figure 4(a) shows the morphology

of KTO splat deposited on TiO2 surface using fine KTO

powder. A close examination revealed that such small-

sized splat presents not only regular disk shape, but also

excellent integrity without evident intra-splat cracks within

the splat.

From the morphology of cross section of fractured KTO

splat shown in Fig. 4(b), it is clear that no fracture or

delamination occurred directly from the splat/substrate

interface. Instead, the fracture from the inner of splat can

be clearly observed from terrace fracture morphology on

the cross section of fractured KTO splat. This fact reveals

the formation of excellent bonding at the interface between

KTO splat and TiO2 substrate. On the other hand, the

micro-cracks resulting from quenching stress were

observed in the splat with a regular disk shape deposited by

coarse powder. Moreover, voids were also observed within

splat.

Microstructure of Plasma-Sprayed K2Ti6O12

Coatings

Figure 5 shows the typical microstructure of plasma-

sprayed KTO coating using fine KTO powder of a small

size range from 5 to 30 lm. Although pores were present

on the cross-sectional microstructure, the coating presents a

dense microstructure as shown in Fig. 5(b).

A close examination reveals that, besides some pores in

several micrometers marked by white arrows, some small

pores marked by black arrows are present at the interface

between splats. The formation of such pores is possibly

related to the gases in molten KTO droplet which were

retained from feedstock powder. This is because that dur-

ing the solidification process the gas phase enclosed in

droplet retained in splat as pores.

Figure 6 shows the typical microstructure of KTO

coating deposited by using coarse powder with a size range

Table 1 Plasma spray conditions for KTO coating deposition

Spray parameter Value

Spray distance, mm 80

Plasma arc power, kW 38

Arc current, A 750

Arc voltage, V 51

Plasma gas (Ar), L/min 45

Auxiliary gas (H2), L/min 4

Torch traverse speed, mm/s 400, 1200

Fig. 4 Morphology of KTO splat deposited on flat TiO2 and cross-

sectional morphology of fractured KTO splat using fine KTO powder.

(a) Surface morphology, (b) cross section
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from 30 to 75 lm. Globular pores in a large size were

observed on the polished cross section of the coating.

Those large pores in tens of micrometers might result from

the fracture during sample preparation. Besides those large-

sized pores, some small pores can be seen as shown in

Fig. 6(b). Moreover, occasionally, cracks perpendicular to

the deposition direction passing through several splats were

observed, as shown in Fig. 6(c).

To reveal the bonding at the interfaces between splats in

KTO coating, the coating was fractured in the direction

perpendicular to the deposition direction (Fig. 7). For

conventional plasma spray ceramic coating with limited

lamellar interface bonding, fracturing could cause

debonding from weakly bonded lamellar interfaces (Ref

17). Typical lamellar structure, which may not be observed

from a polished cross section, can be clearly highlighted by

fracturing the coating. However, from those images shown

in Fig. 7, lamellar structure features, usually being

observed for conventional plasma-sprayed ceramic coating,

were not evidently present on the fractured cross sections.

The fracture occurred in a way more like that occurs to

sintered bulk ceramics. This means that deposited lamellae

have been fully bonded together in the coating.

Moreover, it is interesting to notice that the micro-

cracks in individual splats were not observed at the frac-

tured cross section as shown in Fig. 7(b) and (c). A close

examination reveals the existence of pores in the coating.

Some pores, marked by white arrows, are in a size up to

several micrometers (Fig. 7b). Many pores, marked by

white arrows, are in a size of submicrometers. It can be also

noticed that most pores have a spherical shape, being

Fig. 5 Typical microstructure of KTO coating deposited using the

powders with a size range from 5 to 30 lm at different magnifica-

tions. (a) Low magnification, (b) high magnification

Fig. 6 Typical microstructure of KTO coating deposited by the

powders with a size range from 30 to 75 lm at different magnifi-

cations. (a) Low magnification, (b) and (c) high magnification
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consistent with those in Fig. 5. Figure 7(c) clearly shows

that some pores of spherical shape are present near the

interface between splats. This fact indicates that pores have

formed in molten splat from gas phase, being possibly

evolved during solidification of spreading melt and/or gas

enclosed in molten droplet due to pores in powder,

although the evolution of gas phases needs further

investigation.

Figure 8 shows XRD patterns of KTO coatings depos-

ited by powders of two different size ranges in comparison

with that of powder. The coating consists mainly of

K2Ti6O13 phase. It was reported that the cooling rate of

melt influences little K2Ti6O13 phase formation rather than

melt composition (Ref 38) although the cooling rate during

plasma spraying may be much larger than that reported in

the above literature during pouring K2Ti6O13 melt on a

water-cooled steel plate. The main K2Ti6O13 phase was

retained from powder. This fact suggests that during rapid

heating in high-temperature plasma and subsequent splat

quenching K2Ti6O13 phase is stable. However, a small

amount of K2Ti8O17 phase was present in the coatings. The

intensity of the main peak of K2Ti8O17 phase in the coating

deposited by small powders is relatively higher than that in

the coating by large powder. During plasma spraying,

particles are heated to temperatures higher than their

melting point. The vaporization of a component with high

vapor pressure or low melting point or low boiling point in

multi-component ceramic may preferentially occur (Ref

39). Such vaporization causes the deviation of compound

compositions from its stoichiometry. Significant loss of

element will lead to new phase formation (Ref 40). When

K2Ti6O13 powders are heated to molten state by plasma jet,

vaporization of potassium may occur, which leads to the

formation of potassium titanate K2Ti8O17 with low potas-

sium content. Since the smaller the particle size the

higher temperature the particle is heated. A higher tem-

perature results in more preferential vaporization of molten

droplet. When smaller K2Ti6O13 powders are used, higher

temperature of molten droplets may lead to higher loss of

potassium and consequently the formation of higher

amount of K2Ti8O17 phase with a low content of potas-

sium. Therefore, for KTO coatings, the formation of

K2Ti8O17 can be attributed to the vaporization of potassium

during plasma spraying.

Fig. 7 Cross-sectional morphology of fractured KTO coating

deposited by coarse powder. (a) Low magnification, (b) and

(c) high magnification

Fig. 8 XRD patterns of two KTO coatings deposited by two powders

in different particle size ranges

58 J Therm Spray Tech (2019) 28:53–62

123



Typical Properties of Plasma-Sprayed K2Ti6O13

Coatings

The hardness can be used as a general indication of the

coating mechanical property. Due to the anisotropic feature

of lamellar microstructure, the properties of thermally

sprayed ceramic coating are often anisotropic. For exam-

ple, Young’s modulus in the in-plane direction is often

much larger than that in the off-plane direction (Ref 41-

43). The hardness test of KTO coating yielded the mean

microhardnesses of 454 ± 107 and 454 ± 156 Hv from

the polished cross section and the polished surface,

respectively. The average hardness of the coating in both

the directions is almost the same. This fact means that

plasma-sprayed KTO coating presents a homogeneous

microstructure, which is different from the typical lamellar

microstructure of other plasma-sprayed ceramic coatings.

This feature is attributed to a dense microstructure, espe-

cially with well-bonded lamellae.

Since particle erosion of thermally sprayed ceramic

coating is sensitive to lamellar interface bonding, the ero-

sion test was performed for KTO coating at impact angles

of 60� and 90�. Figure 9 shows that the erosion weight loss

of the coating is proportional to the weight of abrasives, as

observed for other ceramic coatings (Ref 37). The erosion

test of KTO coating at 90� yielded an erosion rate of

2.1 mg/g, which is much lower than that of Al2O3 coatings

plasma-sprayed at room temperature (Ref 37, 44). How-

ever, the KTO coating hardness (about 450 Hv) is much

lower than that of Al2O3 coatings (typically 800-1400 Hv)

(Ref 45-47).

In order to examine the erosion mechanism of the KTO

coating with a dense structure, the surface morphologies of

the KTO coating before and after erosion test are

compared, as shown in Fig. 10(a) and (b). Fig-

ure 10(a) presents a typical splat stacking structure for the

as-sprayed KTO coating. Except some splashed small

particles, the splats exhibited a quite smooth surface pro-

file. However, the coating surface after erosion test pre-

sents a fairly rough surface morphology with some

indentations caused by high-velocity alumina abrasive

particles. This surface morphology is far different from

conventional eroded surface of plasma-sprayed alumina

coatings which have been reported in the literature (Ref

37, 44). For typical plasma-sprayed ceramic coatings with

a lamellar structure, the interlamellar pores act as pre-

cracks during erosion test. As a result, the splats peel off

resulting from the propagation of those pre-cracks under

repeated impacts of abrasives particles, and thereby, the

underlying splats are exposed to serve as newly bared

surface with a similar smooth surface profile to splat (Ref

37, 44). However, the KTO coating with a dense

microstructure presents a much different erosion mecha-

nism from conventional plasma-sprayed ceramic coatings

with a lamellar structure.

To further probe the material loss mechanism of dense

KTO coating, the cross-sectional morphology of KTO

coating after the erosion test was examined as shown in

Fig. 10(c) and (d). The cross-sectional morphology of

dense KTO coating revealed no evident subsurface crack-

ing, preferentially along lamellar interfaces in the in-plane

direction, while such in-plane cracking is usually observed

for thermally sprayed coatings with limited lamellar

interface bonding (Ref 44). This fact provides further

evidence that the lamellae in the present coating are well

bonded to each other, avoiding the guiding effect of

unbonded interfaces as pre-cracks in conventional ther-

mally sprayed ceramic coating (Ref 37). By this way, the

KTO coating with a dense microstructure presents excel-

lent erosion resistance like bulk material and therefore even

presents a much higher erosion resistance than plasma-

sprayed Al2O3 coatings with a lamellar structure but a

much higher hardness. Therefore, based on the relationship

between the critical bonding temperature and materials

melting point (Ref 27), selecting low melting point ceramic

materials is a powerful coating design approach to prepare

ceramic coatings with better performance such as excellent

erosion resistance.

Effect of Materials Type on the Bonding Formation

During Molten Droplet Impact

It had been known for long that thermal spray ceramic

coatings deposited at conventional routine present a

lamellar structure with limited interface bonding (Ref

6, 17). The ceramic coatings usually present a mean

bonding ratio less than one-third of total apparent interface
Fig. 9 Change in erosion weight loss of K2Ti6O13 coating with an

increase in the weight of abrasives
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area, which was observed directly (Ref 5, 7, 17, 48) or

estimated based on structure–property relationship models

(Ref 6, 15). It was clearly recognized that molten droplet

temperature contributes significantly the bonding formation

upon molten droplet impact through systematical investi-

gations (Ref 17), which was evidently proved by positive

effect of deposition temperature on inter-splat bonding

formation (Ref 11, 24, 25). Accordingly, with the increase

in molten spray particle temperature the interface temper-

ature between spreading melt and the substrate increases

and subsequently the improved wetting enhances the

bonding formation between spreading melt and substrate.

However, it is well recognized that the molten ceramic

spray particles can only be heated by plasma jet during

plasma spraying to a temperature around its melting point

with a limited overheating (Ref 49). Therefore, it is gen-

erally difficult to increase lamellar bonding ratio for

common ceramic spray materials such as YSZ and Al2O3

by optimization of spray conditions.

Thermal spray deposition involves rapid quenching

process (Ref 11). Splat is formed by rapid crystallization

from significantly undercooled melt. The mobility of atoms

or molecules in an undercooled melt decreases with the

increase in the undercooling degree. The recent investiga-

tions evidently suggest that the inter-splat bonding can

form when the molecules in the supercooling molten dro-

plet in contact with ceramic substrate have certain mobility

prior to its solidification (Ref 27). The mobility of mole-

cules in melt to form chemical bond with the atoms on

substrate surface will be lost when the melt is being

supercooled to a temperature lower than its glass transition

temperature since the viscosity of the supercooled melt

decreases rapidly by several orders of magnitude (Ref 50).

A higher interface temperature between spreading droplet

and solid ceramic substrate than glass transition tempera-

ture benefits the bonding formation. As it was found

recently, when the deposition temperature exceeds the

critical deposition temperature for the bonding formation

for a certain ceramic material, a higher interface temper-

ature between melt and substrate can be reached than its

glass transition temperature (Ref 27). As a result, the

spreading ceramic molten droplet with a temperature

higher than its melting point can form the bonding with the

ceramic substrate surface at a temperature higher than the

critical bonding temperature. It was also found that the

critical bonding temperature is proportional to the melting

point of spray material as shown in Fig. 1 (Ref 27). This

fact means that materials type influences significantly the

inter-splat bonding formation. Based on the relationship

shown in Fig. 1, the correlation between the critical

bonding temperature and the material melting point can be

expressed by the following equation:

Td ¼ 0:58� Tm � 890

Fig. 10 Surface morphologies

and cross-sectional

morphologies of K2Ti6O13

coating before/after erosion test

at 90�. (a) Surface morphology

of as-sprayed coating presenting

a lamellar stacking structure,

(b) surface morphology of the

coating after erosion test,

(c) and (d) cross-sectional

morphologies of coating after

erosion test
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where Td (�C) is the critical deposition temperature for

splat bonding formation, i.e., the critical bonding temper-

ature, and Tm is the melting point of spray material (�C).
Thus, from the melting point of KTO, its critical

bonding temperature is estimated to be * -100 �C. The
corresponding interface temperature when a KTO droplet

at its melting point impacts is about the glass transition

temperature of KTO, being * 816 �C estimated in the

same way in the literature (Ref 27). Therefore, since with a

ceramic substrate surface at ambient temperature, the

deposition temperature is * 120 �C higher than its critical

bonding temperature, the maximum KTO melt/substrate

interface temperature becomes about 120 �C higher than its

glass transition temperature. Thus, the mobility of mole-

cules in KTO melt is sufficiently high to coordinate their

positions for the bonding formation at the interface. As a

result, impacting KTO molten ceramic droplet can cer-

tainly bond to the underlying KTO ceramic surface as

revealed in the present study. Moreover, the present results

clearly show that following the results reported in the lit-

erature (Ref 27) for ceramic spray materials with lower

melting point than 1500 �C, plasma spraying at room

temperature even following the conventional spraying

routine can yield a dense coating with well-bonded

lamellae.

Conclusions

K2TiO6O13 was used as a typical ceramic coating material

to prove the concept that a dense ceramic coating with

well-bonded lamellae can be thermally sprayed at room

temperature in ambient atmosphere by using the ceramic

materials having a melting point lower than about 1500 �C.
The KTO coatings presented a dense microstructure with-

out typical lamellar features. Some pores are present in the

coating which are possibly formed from absorbed gases at

high-temperature molten state. Results showed that splats

deposited at 110 �C in ambient atmosphere were fully

bonded to TiO2 substrate. The fracture surface of the

coating evidently indicates that all splats were fully bonded

together. This fact was further confirmed by the erosion

test. Hardness test from both the cross section and the

surface yielded the same value for KTO coating, indicating

isotropic characteristic resulting from excellent lamellar

interface bonding. As a result, a dense ceramic coating with

fully bonded lamellae can be deposited at a deposition

temperature of room temperature in ambient atmosphere.
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