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Application of laser cladding technology to
Improve the interface of thermal barrier coatings
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The present study is focused on improvement of the adhesion properties of the interface between plasma-
sprayed coatings and substrates by laser cladding technology (LCT). Within the laser-clad layer there is
a gradient distribution in chemical composition and mechanical properties that has been confirmed by
SEM observation and microhardness measurement. The residual stress due to mismatches in thermal and
mechanical properties between coatings and substrates can be markedly reduced and smoothed out. To
examine the changes of microstructure and crack propagation in the coating and interface during loading,
the three-point bending test has been carried out in SEM with a loading device. Analysis of the distribution of
shear stress near the interface under loading has been made using the FEM code ANSYS. The experimental
results show clearly that the interface adhesion can be improved with LCT pretreatment, and the capability
of the interface to withstand the shear stress as well as to resist microcracking has been enhanced. Copyright
© 2000 John Wiley & Sons, Ltd.
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INTRODUCTION performance, and this has been confirmed by SEM obser-
vation and microhardness measurenmtérExperimental
results show that because there is a transition region, the

The resistance of materials against mechanical wear, cor-2dhesion strength and resistance to crack propagation can
rosion, oxygenation, thermal shock, etc. can be improved be improved and the global strength of the materials can
by plasma-sprayed coatings on the surface of substratebe increased.

and this technique has been widely used for space and

civil components* However, some shortcomings exist
in the plasma-sprayed coatings due to the presence ofEXPERIMENTAL
micropores, microcracks and poor adhesion properties

between coatings and substrates. These faults largelyrpo g ptrate material is the Ni-based DZ22 superalloy,
restrict the application of this technigée. Recently, the and its composition is: C, 0.12—0.16%; Cr, 8.0—10.05%:

coating qualities have been improved by modifying the 0 9.0-11.0%: W. 11.5-12.5%: Al 4.75—5.25%: Ti
processing parameters and adjusting the heat treatmen 7’5_'2 25%'. Fe’go 3”5%'.Nb0 '75_’1 25;%"Hf 1 (')_2 0%
parameter$;*° but the poor interface adhesion proper- B 0.01-0.02%: Zr<0.01%: Mn. <0.20%: Si <0.2%.
ties have not been solved yétThe rupture usually takes Tﬁe coating ma:teriidl is er’+ (6'—8Wt.%)Y,203, and the
place near the interface where residual stress and defeCtEIadding layer material is 40%(Ni Al) + 60% ZrO,.
exist due to the thermal and mechanical mismatch. The g o “the cladding layer material mixed with epoxy was
improvement in the interface properties plays a key role in p,sheq onto the surface of the substrate, the cladding
using plasma spraying technology, because it significantly process was conducted using a 2 KW HJ-4,Qaser

aff_le_eﬁts the glotbal strength of tthe mfaéjtgrial. | laddi device and the laser cladding layer is formed on the
€ présent paper aims at providing a 1aser ¢:adding g, face of the substrate. Finally, some mixed powder of
process to improve the interface behaviour of Zt@er- Zr0, + (6—8Wt.%Y,0, was coated by plasma spraying

mal barrier coatings. Before plasma spraying, the process,, he syrface of the substrate that was pretreated by laser
of laser cladding was conducted on the surface of the cladding technology (LCT).

substrate. The thickness of the laser cladding layer that | o qer to investigate the effect of LCT on the adhesion

formed on the interface between coating and substrate is, e rties of the interface between coatings and substrates,
~10-20um. Within the laser-clad layer there is a gradi- 15" kinds of substrate specimens were used: one pro-
ent distribution in chemical composition and mechanical cessed by LCT and the other unprocessed. All the samples
were of dimensions 7% 15x 1 mm. The plasma spraying
* Correspondence to: M. Yue, LNM, Institute of Mechanics, The process was taken with the fOIIQWIng parameters: power
Chinese Academy of Sciences, Beijing 100080, People’s Republic of Of plasma torch= 35 kW, spray distance- 80 mm; spray
China. rate of the powdee= 50 g min*; diameter of nozzle=

E_ne%dﬁtggzgffnzt@sgggggri!.Cl\?ezntional Natural Science Foundation; Con 6.3 mm. The protection gas is used asH, +N,. The
' ’ " ZrO, thermal barrier coating is 0.3 mm thick.
tract/grant number: 19891180-4. 2 . . ..
Contract/grant sponsor: Foundation of the Chinese Academy of I he microstructures of the coating and the compositions

Sciences; Contract/grant number: K-951-1-201. of the cladding layer were analysed with a Stereoscan
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[Fig. 2(b)] a large crack forms from coalescence of a group
of the microcracks near the interface, and the coating
is torn away from the substrate. For the samples with
an LCL, when the load is~50 N a few cracks appear

within the interface layer near the loading area of the
\_/ Cladding samples. Only when the load reached 63.2 N did a large

crack appear at the interface near the loading zone on the

samples, and the coating was torn away from the substrate.
Figure 1. The three-point bending sample. A crack within the substrate near the interface was formed
and its direction is perpendicular to the interface.

360 scanning electron microscope and EDAX. Samples
(21 x 4 x 1 mm) for the three-point bending test (see Analysis of the LCL
Fig. 1) were cut out of the central section of every

coated sample, and their length direction was parallel the gistribution of microhardness and composition within
to that of laser scanning. Two groups of three-point the | CL s given in Fig. 3, where it can be seen that
bending samples, with and without the laser cladding {he content of zr gradually decreases along the thickness
layer (LCL), were tested by using SEM with a loading gjrection from the surface of the LCL to the substrate,
device, and there were four samples used for each groupgng the microhardness changes in the same manner. This

A representative result was taken from each group test.ghows that a gradient layer near the surface of the substrate
Microhardness was measured using a microhardness metegan pe formed by LCT.

with a POLYVAR MER microscope, and mechanical
analysis of the stress distribution in various samples under . o .
loading was conducted with the commercial FEM code Analysis of stress distribution at the interface under
ANSYS. loading

Coating layer

The deformation of the three-point bending sample under
RESULTS AND DISCUSSION loading is simplified as a plane strain problem, and
Young's modulus and the Poisson ratio for the materials
used in the numerical analysis are given:

Dz22: E =198 GPa v =0.336

Three-point bending tests were conducted for two groups Zr0,: E=51GPa v=0.333

of the coated samples—one with the LCL and the other

without—and the character of the coating and interface It is assumed that the elastic moduli are linear with

under various loading conditions is displayed in Fig. 2.  respect to the thickness within the LCL. The stress field in
The experimental results show that at the beginning the sample is calculated with the commercial FEM code

[zero load, Fig. 2(a)] no crack can be detected within ANSYS; the distribution of the shear stress at the interface

the samples without an LCL. Gradually, with the increase between coating and substrate is illustrated in Fig. 4.

of the load, microcracks appear at the interface between The distribution of the shear stress at the interface

coatings and substrates, and when the load is up to 50 Nis symmetrical with respect to the central line in the

Three-point bending tests

(b)

Figure 2. Adhesion of the interface between coating and substrate: (a, b) without laser cladding layer; (c—e) with laser cladding layer.
The load is: (a, c) zero; (b, d) ~50 N; (e) ~63.2 N.

Copyrightd 2000 John Wiley & Sons, Ltd. Surf. Interface Anal29, 310-313 (2000)
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(d)

Figure 2. (continued).
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Figure 3. The Zr distribution and hardness distribution within
the laser cladding layer; D is the distance from the surface of the
laser cladding layer.

Surf. InterfaceAnal. 29, 310-313 (2000)

longitudinaldirectionin both groupsof samplesj.e. with

LCL andwithout. Thereis a maximumstressgradientin

the middle part of the sample,i.e. the areaof loading, so
the interfacecrack and coatingrupturefirstly take place
there.

The capability of the interface to sustainthe shear
stresseds different for different samples.According to
the dimensionsof the experimentalspecimensand the
correspondingritical loadsthe maximumshearstresshat
the samplecanwithstandat the interfaceis 2.77 MPafor
sampleswithout an LCL and5.61 MPafor thosewith an
LCL; thelatteris significantly higherthanthe former.

Role of the LCL in improving the adhesion
properties betweenthe coating and substrate

The distribution of Zr and the microhardnessre graded
within the LCL obtainedby pretreatingthe surfaceof the

Copyright 0 2000 JohnWiley & Sons,Ltd.
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Figure 4. Capability of withstanding shear stress in the sub-
strate/coating interface; X is the direction of the length of the
sample.

substrateusingLCT. Theresidualstressdueto mismatch
in the thermal and mechanicalpropertiesbetweenthe
coatingandthe substratecanbe markedlyreducedandthe
changeof microstructureand propertiesfrom the coating
to thesubstrateanbe smoothedut. Adhesionof thelayer
obtainedby LCT andthe substrateés metallugical. The
adhesiorareabetweenthe coatingand substratehasbeen
increasedecausedhereis a laser-inducedcoarseningon
the surfaceof the substrateThus,the adhesioncharacter

at the coating/substraténterface and the ability of the
withstandingload canbe improved.

CONCLUSION

From the presentstudy, we canconclude:

(1) The LCT developedcherecan provide a usefulmeans
in plasma-sprayingoatingtechnologyfor a pretreat-
menton the surfaceof a substrateAn LCL is formed
by this techniquebetweenthe coating and the sub-
strate,and the experimentalresultsshow that a gra-
dient distribution in the compositionof Zr and the
microhardnesss formedwithin the LCL.

(2) Becauseof the presenceof sucha gradienttransient
layer of 10-20 um thick betweenthe coating and
the substrate the residual stresswill reducewithin
the layer and the adhesionstrengthas well as the
capabilitiesto sustainexternalloadingat the interface
areimprovedclearlyin comparisorwith thosewithout
LCT pretreatment.
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