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Abstract: The plasma spray coatings are subject to high influence of surface loads, corrosion, and temperatures 

which cause damage in the form of separation of the coating from the substrate or flacking of the coating from 

the substrate edges. Adhesion is the main factor that opposes the influence of the external loads, and defines the 

quality of the bond of the coating with the substrate. Each type of coating has a determined quality of adhesion 

as per appropriate standard in order to meet functional properties during operation. 

There is no universal coating test for all types of the coatings, the test is chosen depending on the technology 

used for the production of the coating, the type of material from which it was made and its thickness. One of the 

many tests that are used for assessment of adhesion / cohesion strength of plasma spray coatings is the scratch 

test. The aim of this paper was to evaluate the cohesive / adhesive strength of the plasma spray 

Ni22Cr10Al1Yalloycoating. The testing was conducted using the Rockwell C diamond indenter with a tip radius 

of 200 µm. The results showed that the scratch test is an efficient method for assessment of adhesion and 

cohesion of plasma spray coatings. 

Keywords: plasma spray coatings, Ni22Cr10Al1Y, scratch test, adhesion strength, cohesion strength 

 
INTRODUCTION 

 

For testing adhesion / cohesion strength of thin and thick coatings a large number of laboratory tests 

are standardized [1], [2], [3]. The scratch test is a reliable and simple method for determining the 

coating adhesion bond strength with the substrate. In order for the inorganic oxide ceramics and the 

organic HA - hydroxyapatite ceramics to be used as functional biomedical coatings on a substrate, the 

deposited layers of the ceramic coatings must be without defects and detailed adhesion / cohesion 

strength tests must be performed. For testing the adhesion of coatings using the scratch method used is 

a micro scratch tester and a nano scratch tester. The micro scratch device uses a Rockwell C diamond 

with a radius of: 10, 20, 50, 100, 200, 400, 800 µm and the nano scratch device uses a spherical 

diamond with a radius of: 1, 2, 5, 10, 20 µm (a = 90 ° or 60 °). Most commercial devices use the 

Rockwell C diamond indenter with a tip radius of 200 µm. This indenter has been used for years for 

examining the adhesion of coatings a thickness of 0.1 - 30 µm by scratching the surface of the coating. 

The same indenter can be used for testing thicker plasma spray coatings by scratching the coating 

surface on the cross section. Depending on the type of the coating material and its thickness other 

types of indenters may be used, [1]. Adhesion testing of thicker plasma spray coatings is carried out on 

the polished cross-sectional surface of the sample. Due to the availability of the diamond Rockwell C 

device with a radius of 200 µm and the simplicity of the test it is frequently used to determine the 

adhesion of plasma spray coatings. In addition to the normal Fn force in the course of testing the depth 

of penetration of the indenter and the force of friction can also be determined. The acoustic signal 

detector is placed above the diamond indenter (needle) and registers the vibrations which occur on the 

emergence of damage. In addition to the acoustic sensor, the device has sensors that register friction 

force. The movement of the indenter along the sample leads to the formation of different damages 

depending on: the stress at the interface, the cohesion strength between the lamellae, the share and size 

of the micro pores, the presence of unmelted particles, micro-cracks, oxides, micro-hardness and the 

value of the applied Fn force. Due to the simplicity of the test, the scratch test is very suitable for 
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optimization of the plasma spray powder deposition parameters in order to produce a coating with 

optimal mechanical and structural properties, [1]. 

This paper analyzes the assessment of the adhesion / cohesion strength of plasma spray VPS - 

Ni22Cr10Al1Y coating using the scratch test on the cross section of the coating, using bulletins 

describing the screening procedure [4]. For scratch testing used was the plasma spray 

Ni22Cr10Al1Ycoating deposited on an INCONEL X-750 alloy substrate 20x10x5 mm in size. The 

results showed that the method is effective and the values were discussed. 

 

MATERIALS AND EXPERIMENTAL DETAILS  

 

For the production of the coating,the powder AMDRY mark 9624 wasused,which is an alloy of nickel 

with a content of 22 wt% Cr, 10 wt% Al and 1 wt% Y. The powder had a range of granulation from 11 

to 37µm, [5]. The deposition of the powder was carried out at low pressure with the vacuum plasma 

spray system of the company Plasma Technik AG using the control board A-2000 and the F4 plasma 

gun. As the plasma gas a mixture of Ar / H2 gases was used. Prior to deposition of the powder, 

cleaning and preheating of the surface of the substrate made of INCONEL X-750 alloy was carried out 

by transferred arc at a temperature of 850°C [6]. To assess the adhesion / cohesion coating strength 

using the scratch test, the coating layers were deposited on a sample of the alloy INCONEL X-750 

dimensions of 20x10x5 mm. The test specimen was prepared by cutting, grinding and polishing, as in 

the hardness test, and the scratch load was conducted on the cross section of the sample that was 

mounted in bakelite. Scratching was conducted using the Rockwell Cmethod with a diamond indenter 

with a radius of 200 µm with a normal Fnforce, [4]. During the trials, the diamond indenter was 

moving at a constant speed over the surface of the sample in the direction from the substrate to the 

interface with the coating and the surface of the coating, as shown schematically in Fig.1. 

 

 
Figure 1. A schematic representation of the scratch test 

 

For the tests used were three different normal Fnforces (10, 25, and 39 N) at a constant speed of the 

indenter of 1 mm / min. For all the loads applied thelength of scratches was 0.7 mm. The geometry of 

the indented coating was different and under the influence of the applied normal Fnload. 

 

RESULTS AND DISCUSSION  

 

The microstructure of the Ni22Cr10Al1Y coating deposited in a vacuum was quite homogeneous with 

a good bond to the substrate. The results obtained by scratch testing show good adhesion and cohesion 
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of the coating for the applied load, as shown in Fig. 2. For the indent made with 10N observed was 

that the stresses entered with normal Fn force together with residual stresses in the coating did not 

cause any changes on the interface, such as micro-cracks or plastic deformation of the substrate or 

coating, as can be seen in Fig. 2b). With increasing the load to 25N changes occur on the interface and 

coating layers. The channel made with the indenter is wider than the width of the channel made with a 

load of 10N. Increased stress together with the residual stresses in the interface area cause plastic 

deformation of the substrate and coating. 

 

 
Figure 2. BM microstructure: a) NiCrAlY coating; b) the surface scratch with a load force of 10N; c) 

the surface scratch with a load force of 25N and d) the surface scratch with a load force of 39N. 

 

The material of the substrate with the primary γ-phase due to plasticity penetrates into the coating in 

the direction of the normal Fn force, which also plastically deforms the coating which has the same 

basic structure with the γ-phase. Due to the plastic deformation in the area of the interface and the 

coating micro or macro cracks do not appear. On the surface of the coating, as a result of the highest 

stress condition a highest degree of plastic deformation is observed, cone shaped, as shown in Fig. 

2c).As the normal Fn force increases to 39N in the interface area the degree of plastic deformation of 

the substrate and coating increases. On the interface no crack appears indicating very good adhesion 

strength caused by good adhesion of coating to the substrate. The surface of the formed cone is a 

function of the load, and its value depends on: the residual stress in the coating layers, coating 

toughness, hardness and microstructure of the coating. To a certain degree of normal load Fn for 

materials that are plastic, such as the NiCrAlY alloy characteristic is a linear increase of the 

longitudinal parts of the cones indicating a good inter-lamellar bond and a good bond of the layers, 

which are deposited layer by layer to the formation of the final coating thickness. At one point, with an 

increase of the normal load Fn the stress in the coating exceeds the plastic deformation, and causes the 

appearance of a cone shaped crack in the coating which extends in the direction of movement of the 

indenter from the deeper layers of the coating to the surface of the coating. The formed cone surface is 

calculated as the product of the lengths derived by the equation Acn = Lx · Ly, as shown in the Figure 

2d). The formed crack in the shape of a cone with a surface of Acn is the main factor for assessing the 

adhesion / cohesion strength of the coating. The surfaces of the cones or plastic deformation of the 
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material of the substrate and the coating which occur during the test at the substrate / coating interface 

characterize the coating adhesion and the cone shaped fractures in the coating characterize the coating 

cohesion. The larger the cone shaped fracture surface, the lower the bond strength of the coating. This 

is a basic factor for optimizing powder deposition parameters. In the tested coating the cone shaped 

fracture occurred within the coatings, but not at the interface, which indicates good adhesion and a 

cohesion fracture caused by the stress state of the layers in the deposited coating. 

CONCLUSION 

Based on the performed scratch test characterization of plasma spray VPS-Ni22Cr10Al1Ycoatingthe 

following conclusion can be made:  

The scratch test as a mechanical method of testing coatings confirmed that it can be successfully 

applied for this type of material for the assessment of adhesion / cohesion strength, as expected based 

on set procedures and standards. 

The test analysis shows good adhesion of the coating because at the substrate / coating interface plastic 

deformation of the substrate and the coating occurred instead of the creation of micro cracks.  

The results showed that the scratch test can be successfully used as an effective method for assessing 

the cohesion of plasma spray coatings. 

ACKNOWLEDGEMENTS 

The authors are thankful for the financial support from the Ministry of Education and Science of the 

Republic of Serbia (National projects OI 174004, TR 34016). 

REFERENCES 

[1] Vencl, A., Arostegui, S., Favaro, G., Zivic, F., Mrdak, M., Mitrović, S., Popović, V.,

Evaluation of adhesion/cohesion bond strength of the thick plasma spray coatings by scratch

testing on coatings cross-sections, Tribology International, Vol.44, pp.1281–1288, 2011.

[2] Mrdak, M., Bajić, N., Veljić, D., Rakin, M., Pekez, J., Karastojković, Z., Testing adhesive

bond strength and fracture mechanisms of thicker and porous plasma spray coatings, VI

International Conference Industrial Engineering and Environmental Protection 2016 (IIZS

2016), University of Novi Sad Technical faculty “Mihajlo Pupin” Zrenjanin, Republic of

Serbia, pp.249-253, 13-14th October, 2016.

[3] Mrdak, M., Rakin, M., Bajić, N., Veljić, D., Radosavljević, Z., Determining crack length and

critical load using vickers intersurface indentation method on the interface of the substrate /

coating, ANNALS of Faculty Engineering Hunedoara – International Journal of Engineering,

Tome XVI , pp.27-30, 2018.

[4] CSM Instruments, Application Bulletin: Characterization of thermal spray coatings by

instrumented indentation and scratch testing. Part I, No.28, 2009.

[5] Material Product Data Sheet, Nickel Chromium Aluminum Yttrium (NiCrAlY) Thermal

Spray Powders, Amdry 9624, DSMTS-0102.0, Sulzer Metco, 2012.

[6] Mrdak, M.R., Structure and properties of Ni22Cr10Al1Y coatings deposited by the vacuum

plasma spray process, Vojnotehnički glasnik - Military Technical Courier, Vol.65, No.2, pp.

378-391, 2017.

122


	0 Korice 2018
	1 E-Proceedings 2018
	0001 Prve strane 2018
	0002 Contents
	Ceo zbornik
	00
	Blank Page

	001
	00-01 ANTAGONISTIC ACTIVITY BETWEEN RHIZOBACTERIA AND PHYTOPATHOGENIC FUNGI UNDER ECOLOGICAL FACTORS
	00-02 USING SHERPA SCREENING TOOL FOR DESIGN AND ASSESSMENT OF LOCAL AND REGIONAL AIR QUALITY MANAGEMENT
	00-03 THE IMPACT OF THE ADSORBENT HYDRATION ON THE CADMIUM ADSORPTION FROM WATER SOLUTIONS
	00-04 PEDELEC LI-ION BATTERY PACK LIFETIME
	00-05 MICROSTRUCTURAL DIFERENCES BETWEEN CONVENTIONAL AND SINTERED TOOL STEEL
	Blank Page

	01
	Blank Page

	011
	01-01 A MODEL FOR MANUFACTURING OPTIMIZATION AND ACHIEVING HIGHER PRODUCTIVITY IN SMALL AND MEDIUM-SIZED ENTERPRISES
	01-02 USING SCADA SYSTEM  FOR PROCESS CONTROL IN WATER INDUSTRY 
	01-03 ANALYSIS OF PUMP SHAFT BEHAVIOUR BY THE APPLICATION OF CATIA SOFTWARE PACKAGE
	01-04 APPLICATION OF FEA SIMULATION IN PRESSURE VESSEL DESIGN WITH RESULT ANALYSIS
	01-05 APPLICATION OF MFF METHOD IN CONCEPTUAL DESIGN
	01-06 CFD STUDY OF A HORIZONTAL AXIS WIND TURBINE VALIDATION AND PARAMETRIC ANALYSIS USING VARIOUS SWEPT BLADE DESIGNS
	01-07 FABRICATION OF AN AUTHENTIC PART USING MATERIAL EXTRUSION TECHNOLOGY
	01-08 INFLUENCE OF FUNCTIONAL ADDITIVES ON STRUCTURE AND MORPHOLOGY OF Ti0.8Sn0.2O2 BASED VARISTOR CERAMICS
	01-09 EVALUATION OF OPEN HOLE TENSILE QUALIFICATIONS OF HNT-EPOXYBASALT FIBER NANOCOMPOSITE MATERIALS
	01-10 MECHANICAL BEHAVIOR OF HALLOYSITE-EPOXY NANOCOMPOSITES EFFECT OF SEAWATER AGING
	01-11 DEVELOPMENT AND MASTERING OF THE COMPOSITION OF ELECTRODE COATINGS FOR WELDING STAINLESS STEEL
	01-12 DETERMINING ADHESION COHESION STRENGTH OF PLASMA SPRAY COATINGS USING THE ROCKWELL - C METHOD
	01-13 DYNAMOMETRIC PROVING RING WITH NONCONSTANT GEOMETRICAL CHARACTERISTICS OF ITS CROSS-SECTIONS
	01-14 THE EFFECTS OF WIDTH-DIAMETER RATIO ON PERFORMANCE OF A DYNAMICALLY LOADED JOURNAL BEARING
	01-15 BRIDGE CRANE MECHANISMS CALCULATION AND ANALYSIS OF THE SIGNIFICANCE OF USE IN PRAXIS
	01-16 ON THE SPATIAL CHAOS  APPEARANCE IN CASCADE CONNECTED NONLINEAR TRANSPORTATION SYSTEMS WITH  TRAPEZOIDAL
	01-17 DETERMINING OF CORRECTIONAL VALUES OF WORKING RELIABILITY OF INTEGRAL PARTS OF CIRCUIT
	01-18 OPTIMIZING OPERATIONS SEQUENCE USING MODERN PARTICLE SWARM OPTIMIZATION ALGORITHM

	02
	Blank Page

	021
	02-01 COMPUTER SIMULATION FOR SELECTION OF THE ORDER FOR THE LAYERS FROM THE WALL OF INDUSTRIAL COOLERS
	02-02 ECONOMIC – ECOLOGICAL ESTIMATION OF HEAT PUMP PERFORMANCE – EXAMPLE FROM PRACTICE
	02-03 CRITICAL ANALISYS OF FORMULAS FOR THE LENGTH OF ELASTIC CABLES WITH SUPPORTS ON SAME OR DIFFERENT LEVELS
	02-04 IMPROVED THERMAL ENERGY STORAGE WITH PCM – AN IMPORTANT PART OF EU PROJECT CONCEPT HOLISTIC ENERGY AND ARCHITECTURAL RETROFIT TOOLKIT (HEART)
	02-05 EXPERIMENTAL TESTING OF A THERMAL AND ELECTRICAL PERFORMANCE OF A HYBRID PHOTOVOLTAIC-THERMAL SOLAR COLLECTOR
	02-06 MODERN TECHNOLOGIES FOR MOTOR VEHICLES ON ELECTRIC POWER AND SECURITY OF PARTICIPANTS IN TRAFFIC
	02-07 RESEARCH AND DEVELOPMENT OF THE VEHICLES IN THE SERBIA FROM THE RECYCLING ASPECT
	02-08 OPTIMIZATION OF DRYING AND TRANSPORTING PROCESS OF SYNTHETIC RUBBER ON THE STRIP DRYER AND PNEUMATIC CONVEYORS
	02-09 AVAILABLE ENERGY POTENTIALS FROM WOOD AND HERBAL BIOMASS FROM THE TERRITORY OF THE MUNICIPALITY OF LUCANI
	02-10 SOME ASPECTS OF ABSORPTION COOLING
	02-11 THE ADVANTAGES OF INTRODUCING  ENERGY MANAGEMENT IN INDUSTRY

	03
	Blank Page

	031
	03-01 MAINTENANCE OF IT INFRASTUCTURE
	03-02 DEVELOPING A SYSTEMATIC APPROACH TO PROJECT PORTFOLIO SELECTION IN PROJECT BASED ORGANIZATION
	03-03 AUTOMATIZATION OF MAINTENANCE AS INSTRUMENT COMPETITIVE ADVANTAGES OF ENTERPRISES IN TERMS OF GLOBAL CRISIS
	03-04 EXPERIMENTAL MEASUREMENT OF SLIDING BEARING TEMPERATURE USING THERMOGRAPHY
	03-05 OPTIMAL STRATEGY FOR TECHNICAL SYSTEMS MAINTENANCE BY USING MARKOV CHAIN

	04
	Blank Page

	041
	04-01 APPENDIX TO RESEARCH OF ENERGY EFFICIENCY OF PETROLEUM INDUSTRY OF SERBIA PETROL STATIONS
	04-02 OPTIMIZING THE MAINTENANCE PROCESS OF PETROLEUM INDUSTRY OF SERBIA PETROL STATIONS
	04-03 SPECIFIC CONDITIONS OF OIL SPILLS CLEANUP AT THE ARCTIC SHELF AND RISKS CONNECTED WITH THEM
	04-04 PROBLEMS OF ELIMINATION OF OIL SPILL EMERGENCY AT THE ARCTIC SHELF
	Blank Page

	05
	Blank Page

	051
	05-01 REALIZATION OF ONE SMART ENVIRONMENT FOR AGRICULTURAL PRODUCTION
	05-02 TOWARDS SMART ONTOLOGY BASED PROCESS FOR BUILDING RECONSTRUCTION
	05-03 THE ROLE OF HTML5 SVG GRAPHICS IN RESPONSIVE WEB DESIGN AND SEARCH ENGINE OPTIMIZATION EDUCATION – CASE STUDY
	05-04 AN EXAMPLE OF IMPLEMENTATION CRM IN THE BANKING SECTOR
	05-05 ENTREPRENEURSHIP AND ENTREPRENEURIAL PROFILES
	Blank Page

	06
	Blank Page

	061
	06-01 BEST PRACTICES IN ENVIRONMENTAL PROTECTION THROUGH EDUCATION AND INFORMATION ACTIVITIES THE GRACILIS SHOWCASE
	06-02 ATTITUDES TOWARDS ENERGY CONSUMPTION EMPLOYEE PERSPECTIVE
	06-03 GREENING AS A PERSPECTIVE SOLUTION FOR URBAN MICROCLIMATE MITIGATION – A PILOT STUDY
	06-04 NATURAL GAS - AN ENERGY AND ENVIRONMENTAL SAVIOR DURING THE 21ST CENTURY
	06-05 EXPERIMENTAL AND MODELING APPROACH IN TERMS OF BIOGAS PRODUCTION BY ANAEROBIC FERMENTATION OF DIFFERENT SUBSTRATES
	06-06 THERMOGRAVIMETRIC ANALYSIS  OF BIOMASS AND SUB-BITUMINOUS COAL
	06-07 ASSESSMENT OF HEAVY METALS  CONTENT IN URBAN SOILS USING KRIGING INTERPOLATION METHOD
	06-08 HERBICIDAL IMPACTS ON SOIL BIOPROCESSES IN ALFALFA RHIZOSPHERE
	06-09 PHYTOREMEDIATION OF CONTAMINATED SOILS USING AROMATIC PLANTS – APPLICATIONS AND BENEFITS
	06-10 APPLICATION OF POLY (PROPYLENEIMINE) DENDRIMER FOR REMOVAL OF TOXIC METALS
	06-11 EVALUATION OF SEWAGE SLUDGE MANAGEMENT OPTIONS FOR THE CITY OF NOVI SAD
	06-12 APPLICATION OF ELECTROCOAGULATION PROCESS USING IRON ANODE AND GRAPHITE CATHODE FOR DECOLORIZATION OF TEXTILE WASTEWATER
	06-13 SUPERVISORY CONTROL OF WASTEWATER TREATMENT PROCESS IN THE GALVANIZING PLANT
	06-14 PRESENCE OF MICROCYSTINS IN STAGNANT WATERS AND THE POSSIBILITIES OF DEGRADATION
	06-15 UPGRADING THE SMALL WASTEWATER TREATMENT PLANTS BY LIME STABILIZATION OF DISPOSAL SLUDGE
	06-16 WATER SALINIZATION IN IRAN SPATIAL VARIATION OF SALINITY IN GROUNDWATER RESOURCES OF NORTH WEST (URMIA LAKE)
	06-17 PHOTOCATALYTIC DEGRADATION OF DIAZINON FROM AQUEOUS SOLUTIONS USING TIO2ZNO NANOCOMPOSITE
	06-18 THE EFFECT OF A HIGH CONCENTRATION OF POLLUTANT ON METABOLIC ACTIVITY OF SELECTED FUNGI AND THEIR BIOREMEDIATION POTENTIAL
	06-19 ANALYZING THE QUALITY ASPECTS OF THE EEW MANAGEMENT IMPROVEMENT PROCESS
	06-20 ANALYSIS AND OPTIMISATION  OF ENERGY PERFORMANCE IN RESIDENTIAL BUILDINGS WITH SUNSPACES
	06-21 CALCULATING DAILY VIBRATION EXPOSURES AND WORKED EXAMPLES  IN CASE HAND-ARM VIBRATION
	06-22 CALCULATING DAILY VIBRATION EXPOSURES AND WORKED EXAMPLES  IN WHOLE-BODY VIBRATION

	07
	Blank Page

	071
	07-01 SUNSPACES AS PASSIVE DESIGN  ELEMENTS FOR ENERGY EFFICIENT AND ENVIRONMENTALLY SUSTAINABLE HOUSING
	07-02 ENVIRONMENTAL IMPACT ASSESSMENT OF SLOVENIAN MOUNTAIN HUT WITHIN THE SCOPE OF SUSTAINABLE MOUNTAIN HUTS IN EUROPE
	07-03 BUILDINGS FROM RECYCLABLE  MATERIALS

	08
	Blank Page

	081
	09
	Blank Page

	091
	09-02 IMPROVING THE PALLETIZATION PROCESS IN INDUSTRY BY USING THE FANUC ROBOT
	09-03 THE IMPORTANCE OF HUMAN RESOURCES IN THE FUNCTIONING OF TECHNICAL SYSTEMS IN AIMS OF RELIABILITY
	09-04 ERGONOMY IN AUTOMOBILE INDUSTRY FOR CABLE MANUFACTURE
	09-05 THE INFLUENCE OF TECHNICAL INSPECTION ON THE SAFETY OF MOTOR VEHICLES
	09-06 THE ROLE OF KAIZEN IN IMPROVING EMPLOYEES SAFETY AT WORK
	09-07 THE ROLE OF IMPLEMENTATION OF THE CONCEPT – TOTAL QUALITY MANAGEMENT IN ORGANIZATIONS
	09-08 QUALITY MANAGEMENT-BASED MEASURES FOR IMPROVING MAINTENANCE OF PRODUCTION SYSTEMS – EXAMPLES FROM AUTOMOTIVE INDUSTRY
	09-09 ADVOCATIVE DESIGN OF THE WORK AS A FACTOR MOTIVATION OF THE WORKER
	09-10 MODERN STRUCTURAL STEELS


	10-01 Logoi i reklame




