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4.1 Final publishable summary report 
 
 
4.1.3 Description of the main S&T results/foregrounds 
 
 
 
WP1 – Industrial specifications 
 
Selection of materials: 
 
SP1 – High temperature protection 
Model Alloys:  Ni, Ni20Cr 
Ni-based alloys: IN738, PWA 1483, CM247, N5 
Fe-based alloys: Alloy 321, Alloy 347, Alloy 446, X20CrMoV12.1 
 
SP2 – Fire protection 
Composite for construction 
 
SP3 – Electrical insulation at high temperatures 
Electrolytic pure copper 
 
 



 
WP2 – Coating design for high temperature protection 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Development of suspensions for the PARTICOAT slurry: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Designs for special applications – graded structures and surface sealing 
 
Gas turbine 

-  TBC sacrificial coating from µm/nano-Al2O3 
 
Sacrificial coating to protect conventional TBCs from YSZ against CMAS: After 50 h at 1240°C, 
surface and cross-section.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Gas turbine 

-  Interface between TBC and BC from nano-YSZ (grades structures) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Antiadhesive surfaces 
- Surface structures to reduce the adhesion of deposits 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Lotus leaf Nano-structured surface of Alloy 321 coated and 

heat treated, addition of boron 
 
 



WP3 – Source particle production 
 
The source particles were all produced by Sibthermochim in Tomsk, Russia 
 

 

 
 
 
 
 
 
 
 
 



 
 

 
 
 

 
 
 
 
 
 
 
 
 



 
 

 

 
 
 
Specifif surface area: 
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Other aluminium sources: 
 
Atlantic Equipment Engineers - Micronmetals. (United States)  
 www.micronmetals.com 
Valimet Inc. (United States)  
 www.valimet.com 
Aluminium Powder Company (Alpoco). (United Kingdom)  
 www.alpoco.com 
Sulzer Metco.  
Alcoa 
 
 
 
 
 
 
 
 
 



 
 
WP4 – Coating manufacturing procedure 
 
 

 
 

 
 
 
 
 
 
 



 
 
 
 

 
 
 
 
 
 
 
 
 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

 
 
 
 
 
 
 
 
 



 
 
 
 

 
 
 
 
 
 
 
 
 
 



 
 
 
 

 
 
 
 
 
 
 
 
 
 



 
 
 

 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 

 
 
 
 
 
 
 
 



 
 
 

 
 
 
 
 
 
 
 
 
 
 



WP5 – Performance and degradation mechanisms 
 
 
WP5.1.1 Oxidation of Fe-based alloys 
 
DECHEMA / DFI 
 

 
 
 

 
 
 
 



 
 

 
 
 
 
 
 

 
 
 
 
 
 



 
 

 
 
 
 
 

 
 
 
 
 
 
 



• Protection against corrosion: 
• Main protective problem of the coatings is related to the cracks in diffusion layers 

(CTE mismatch). 
• Al-Si diffusion layers show lower weight gains and lower chlorine species formation. 

• Aluminium inter-diffusion: 
• At 800°C Al inter-diffusion increases strongly (reduced Al reservoir). 
• Almost no evolution observed at 600°C. 
• Ferritic substrates show higher inter-diffusion than austenitic substrates 
• Si addition decreases inter-diffusion for high Cr content ferritic substrates due to 

formation of Cr3Si between the diffusion and inter-diffusion layer 
• Si addition increases inter-diffusion for austenitic substrates due to the stabilization 

effect of ferritic phase. 
. 
 
 
SVUM 
 
Comparison PARTICOAT to Hot Dip Aluminizing 
 
PARTICOAT 

• 347 H and 16Mo3 
• Surface only mechanically filed by and degreased in acetone 
• Slurry: 50 % Al, 1 % PVA, 49 % H2O 
•  Al particles 3 – 5 µm 
•  Deposition: deep coating 200 – 300 µm thick layer 
•  annealing: 800 °C/8 h, air 

 
Hot Dip Aluminizing (HAD) 

• dipping into molten aluminium bath 
•  under NaCl/KCl/NaF flux 
•  800 °C/1 min 

 

 
 



 
 
 
 

 
 
 
 
 
 
 
 
 
 



Fraunhofer ICT 
 
Effect of Boron addition to the Al-slurry 
Influence of Boron content and particle size:  

- 20%B with multi-size 1-20µm Al 
Material: Alloy 321 
 

 
 

 
 
 
 
 



 
 

 
 
Conclusions 
 

 In long-term exposure, coatings produced with the following heat treatment 
parameters showed the best performance till 4500h.  
 Alloy 321 + Al (1-20µm) / 20%B, 650°C / 5h in air 

 The multi-size 1-20µm Al powder forms top-coats with high stability and adhesion 
than the single sized powders.  

 Boron addition improves adhesion to the substrate for austenitic steels. Boron oxide 
provides low temperature sintering and protect the metal against oxidation.  

 



TECNATOM 
 
Comparison between NDT in order to select the most suitable for in-service inspection and 
surveillance  

• Ultrasonic test (UT) 
• Eddy current test (ET) 
• Interferometry 

 

 
 
 

 
 
 



WP5.1.2 Oxidation of Ni-based alloys 
 
Isothermal oxidation 
 

 
 
 

 
 
 
 
 
 
 



Graded structures 
 

 

 
 
 
 
 
 
 
 
 
 
 



 
 
 

 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

 
 
 
 
 
 
 
 
 



Cyclic oxidation 
 

 
 
 
 

 
 
 
 
 
 
 
 



 
 
Fraunhofer ICT: Cyclic oxidation of superalloys with special design coatings 
 

 
 
 
 
 
 
 
  
 
 
 
 
 
 



Degradation mechanisms 
 

 
 
 
 
 

 
 
 
 
 
 
 



 
 
 
Conclusions: 
 
1.- Single or multiple, mixed or unmixed Al Particoat coatings show excellent oxidation resistance 
with limited degradation regardless of the corrosive atmosphere (air, water vapour SO2) 
2.- Most of degradation processes occur by excessive TGO growth (strongly dependant on 
substrate initial composition and coating treatment) and by Al interdiffusion as in conventional 
coatings 
3.- Pack cemented and out-of-pack coatings behave relatively worse or similar to Particoat coatings 
4.-Exposure in air: 

• Al-Si produced coating have shown better oxidation behavior than Al produced ones at 
temperatures below 1000°C 

5.-Exposure in SO2 containing atmosphere: 
• Al-Si produced coating have shown excellent protection in SO2 containing atmosphere while 

the Si was maintained in the diffusion layer. 
• Coatings with top coat show higher weight gain than coatings without top coat probably due 

to a “rumpling” of the diffusion layer and to an oxygen partial pressure  decrease through the 
top coat 

 
 
Non destructive Technique selection: 

• ET is the most promising technique  
• UT is not able to provide reliable results due to top coat structure (hollow spheres) 

Device Selection: 
• Among ET devices, Salutron has demonstrated higher accuracy and robust behavior 

than Positector 
Coating Measurements: 

• NDT measurements of the top coat (hollow spheres) 
• NDT techniques are not able to measure layers beneath the top coat (diffusion 

layers) 
Nickel based alloys Measurements validation: 

•  Good accuracy 



 
WP5.1.3 – Molten deposits 
 

 
 
 
 

 
 
 
 
 
 
 



 
 
 

 
 
 
 

 PARTICOAT reacts with V and prevents  its penetration to the metal surface 
  Lotus effect not observed , molten deposit infiltrates the topcoat 

 
 
 
 
 



WP5.2 – Mechanical properties 
 
Introduction 

 
 
 
Lifetime of thermal barrier coatings: 
 

1. Thermal fatigue 
• Coefficient of thermal expansion (CTE) 

2. Thermal ageing 
• Thermally grown oxide (TGO) 
• Sintering 

3. Bond coat depletion of aluminium 
 
 
Particle size influence on adherence 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
Modeling of particle size effect under pressure 
 

 
 
 
 
 



 
 
 
 
 

 
 
 
 
 
 
 
 
 



 
 

 
 
Conclusions 
 

• 4PB coupled to AE does not provide adequate information for the PARTICOAT 
coatings case 

• Cyclic oxidation coupled to AE test has shown that aluminium particles must have a 
minimal diameter of 20 mm in order to produce an adherent top coat 

• Simulation of stresses on top coat has demonstrate that the substrate will not be 
affected by pressure directly applied on top coat 

• Top coat is prone to erosion because of the high porosity and structure, but the 
diffusion zone can withstand high abrasive loads 



 
WP5.3 – Thermal barrier effect 
 
Experimental set-up with heat insulation in the surroundings of the sample and possibility of cooling 
the sample back side: 

 
 
 
Comparison of the thermal barrier effect of PARTICOAT to a conventional TBC from YSZ: 
 

 
 
 
 



Effect of the thermal barrier of PARTICOAT on the oxidation of the substrate when exposing the 
coated side to 1000°C and cooling the back side: 
 

 
 
 
The presence of the metastable alumina phases - and -Al2O3 indicates a temperature gradient 
within the topcoat and temperatures below 650°C at the interface to the diffusion zone.  
 
 
Conclusions: 
 
 Particoat shows a pronounced thermal barrier effect, which is comparable to the 

conventional YSZ - TBC.  
   It‘s confirmed that due to the TBC effect, the base metal will be protected, the temperature 

at the metal surface is notably reduced. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



WP5.4 – In field testing 
 
SVUM 
 

 
 
 
 

 
 
 
 
 
 



 
 
 
 

 
 
 
 
 
 

 
 
 
 



 
 

 
 
 
 
 
 
 

 
 
 
 
 



 
 

 
 
Conclusions 

 Corrosion resistance of candidate coatings is very good below 600 °C. Estimated corrosion 
rate is 0.05 mm/year in field conditions. 

 PARTICOAT exhibits excellent resistance in HCl/SO2 containing gases Aluminium depletion 
simulated – not critical for lifetime – corrosion is dominant degradation mechanism. 

 Typical lifetime of austenitic superheaters at 500 °C in waste/biomass plants is 3 years. 
According to the our calculations PARTICOAT lifetime under this conditions is at least 2 
years. Price of the new superheater is about 

 400 000 EUR, this means about 50 000 EUR cost savings per year. 
 



TECNATOM 
 

• WP5.4 objectives: 
– To carry out “in-field” testing for selected applications in order to understand the 

degradation mechanisms and verify the performance under real conditions. 
• In particular: 

– To perform “in-field” testing in a fossil power plant boiler.  
– Coating samples have been inserted in the LOCA test facility located at TECNATOM 

headquarters. 
 
 

 
 

 



Test conditions 
 

• Date: July 18th-19th, 2012 
• Test duration: 30 hours at nominal pressure and temperature. 
• Location: Burner exhaust gas outlet.  
• Temperatures: 420ºC-480ºC 

 

 
 
 
Conclusions 
 

• In field testing: 
– Nickel based alloy: very good performance 
– Ferritic steel: good performance 
– Stainless steel: medium performance 

• NDT accuracy: 
– Nickel based alloy: very good accuracy 
– Ferritic steel: good accuracy 
– Stainless steel: bad accuracy 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



WP5.5 - Modelling 
 
 

• WP5.5 overall objectives: 
– To obtain mathematical models of degradation mechanisms 
– Long term progress for estimating the lifetime as a function of: 

• Coating system 
• Temperature 
• Coating thickness 

• In particular: 
– To perform modeling with data from non-destructive inspection methods for 

understanding of the degradation mechanisms.  
 
 
Methodology 
 

• Main degradation mechanisms to be considered: 
– Thermal fatigue 
– Thermal ageing, basically associated to thermally grown oxide (TGO) 
– Bond coat depletion of aluminum 

• Analysis of experiments carried out by Particoat partners  
  
 To provide coating evolution models.  

 
 
 

 
 
 
 
 
 
 
 



 
 

 
 
 
 
 
 
 
 

 
 
 



 
 
 
 
 
 
 
 
 
 
 

 
 
 



 
 
 
 
Conclusions 
 
 

• PARTICOAT coating life time is limited by aluminum reservoir depletion. 
• Similarities in damage development in APS TBC and PARTICOAT Coating have been used 

for assessing risk and uncertainty. 
• TGO growth data forms a basis for assessing risks and uncertainty. 
• It could be demonstrated through uncertainty analysis the high scattering of the current data. 
• Further experimentation is needed in order to understand the failure behavior of the novel 

approach PARTICOAT especially with regard to other loading histories (eg. thermal fatigue) 
• Thus experiments in mechanical properties should be further develop such as: 

•  Young Modulus in the TGO and TBC 
• Calculation of stresses induced in the TBC, substrate Calculation of stresses induced 

in the TGO growth, 
•  Lateral strains… 

• When the diffusion layer is finished, existing cracks pattern grow and it appears delaminating 
between TGO and TBC.  

 
 
 
 
 
 
 
 
 
 
 
 
 



WP6 – Life cycle assessment 
 

• This study compares PARTICOAT technology with three standard coating processes.  
 Chemical Vapor Deposition (CVD) 
 Pack Aluminizing 
 Atmospheric plasma spraying (APS) 

• Functional Unit : Area of coating : approx. 300 cm^2, weight: 1 kg 
• Boundaries: Gate-to-Gate Analysis 

 Process and materials used to manufacture the coating feedstock  
 The deposition process 
 Exclusion of the manufacturing of the infrastructure materials (spray guns, furnace, 

sprayers, …) 
• Environmental comparisons were carried out using SimaPro software. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 

 
 
 
 
 
 
 



 
 
 

 
 
 
 
 
 
 

 
 
 
 



 
 
Life cycle impact assessment 
 
 Objective: The primary objective of the ReCiPe method is to transform a long list of Life 

Cycle Inventory results into the limited number of indicator scores.  
 ReCiPe is a follow up of Eco-indicator 99 and CML 2002 methods. It integrates and 

harmonizes midpoint and endpoint approach in a consistent framework - with associated 
sets of characterization factors. 

 List of characterization factors and documentation about the method can be found at 
http://www.lcia-recipe.net/ 

 Midpoint and endpoint characterization factors are calculated on the basis of a consistent 
environmental cause-effect chain, except for land-use and resources 

 SimaPro LCA program and a peer-reviewed database of upstream materials and energy 
(EcoInvent) were used to conduct the upstream analysis of material and processes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Considered Factors 
 

• Climate Change: Use of Electricity 
• Human Toxicity: Use of Alumina Powder in sand blasting /Use of electricity 
• Terrestrial Acidification: Use of Electricity 
• Freshwater Eutrophication: Fraunhofer – Production of Ethanol 
• Freshwater Ecotoxicity: ULR Aluminum Oxide 
• Marine Ecotoxicity: Electricity, Aluminum Oxide 
• Water depletion: Use of electricity 
• Metal Depletion: Fraunhofer – Use of Ethanol (from Ethylene) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
Conclusions 
 

• Heat  treatment is the most relevant process in the coating technologies analyzed due to the 
high energy requirement. 

• Quantities of raw materials are small compare to the high use of energy. The amount of 
electricity use in the heat treatment in Particoat is responsible for about  70-80% of the 
environmental impacts. 

• PARTICOAT produced by Dechema shows the biggest impact in the categories influenced 
by use of energy, however the use of ethanol in  Fraunhofer process and the use of 
Aluminum Oxide in ULR process impact other categories. 

• The APS procedure used in this study takes into account production of Zirconia powder, 
surface treatment and  thermal spraying process and not the complete process of an APS 
with a VPS layer. Under this fact results are comparable with PARTICOAT meaning that a 
complete ASP will have much higher environmental impact. 

• The high environmental impact of CVD and Pack Aluminizing is due to the use of resources, 
electricity: heat treatment. 

• Life Cycle Assessment is a methodology which identify the potential environmental impacts 
associated to a product/process  by using available and reviewed impact assessment 
methods. 

• Based on the results on this study, Particoat coating shows to be a greener process (less 
energy and material requirements) which in one single step,  bond coat and top coat layers 
are formed. 

 
 
 
 
 
 
 



WP7 – Particle production for fire protection 
 
TG/DTA Study of the oxidation of µm-Al particles 
 
0903-05 powder (Al 58% 0-5 µm, 38% 5-10%, 4% 10-20 µm) 
Heating/cooling rates: 10 ºC/min 
Air 
Temperature / time: 750°C - 850°C - 950ºC ; 1-10-24 h 
Temperature / time: 1050°C – 1150°C - 1250ºC ; 10 h 
0903-05, 09030-4, commercial atomized powders 
Temperature / time: 750 ºC ; 1 h 
 
 
Reproducibility: 
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Oxidation experiments: 
 
Exposure to temperature in air in a furnace 
Powder:  (0903-4) 31% 0-5µm 69% 5-10 µm 
Temperatures: 600°C, 650°C, 700°C, 800°C, 1000°C 
Exposure times: 1 h, 2 h, 4 h, 60 h 
 

 
 



 
 
 
 
Conclusions 

 Below 800°C smooth gAl2O3 shells are achieved, however long oxidation times are needed 
 Temperatures above 1100°C yield short oxidation times, whiskers structures on the surface 
 Hollow alumina spheres are obtained, however sintered 

 
 
 Alternative solutions were selected in WP8 
 

 
 
 
Commercial alumina hollow spheres – alternative supplier 
 
C.H. Erbslöh KG 
Krefeld 
Germany  
 

1. SL 300 (d50= 125 mm) 
2. SL125 (d50= 80 mm) 
3. SL 75 (d50=45 mm)  

 
Al2O3 36-40% 
Fe2O3 0.4-0.5 % 
SiO2  55-60% 
TiO2 1.4-1.6% 
 
 
 
 
 



WP8 – Coating design and deposition on composites 
 

 
 
 
 

 
 
 
 
 
 
 
 



 
 
 
 
 

 
 
 
 
 
 
 
 
 



 
 
 
 

 
 
Summary 

- Best results were obtained with epoxi based glass fibre reinforced composites. 
- Improved adhesion, of coatings to composite substrates through several atmospheric 

plasma treatments. 
- Final proposed systems: two and/or three layers design using hollow spheres and 

intumescent coatings. 
- First aproach towards an industrial application system proposed. The prototype of a 

deposition procedure of a fire protective coating was thus delivered. 



WP9 – Fire protection performance 
 

 
 
 
 
 

 
 
 
 
 
 
 



 
 
 
 

 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 

 
 
 
 
 
 



 
 
 

 
 
 
 
 
 
 
 

 
 
 



 
 

 
 

 
Conclusions 
 

- Low thermal conductivity  Hollow spheres reduce it  good thermal isolation 
-  Fire reaction  Inflammable surface, inflammable drops (30 min)  excellent fire resistance 
-  Thermal barrier effect  Temperature decrease across the coating  good heat protection 
-  Mechanical resistance under loads  assured (40% of maximum load) 

 
 
 



WP10 – Coating design and particle processing for electrical insulation 
 

 
 
 
 
 

 
 
 
 
 
 
 



 

 
 
 
 

 
 
 
 
 
 
 
 
 



1st Approach 
 

 
 
 
 

 
 
 
 
 
 
 
 



 

 
 
 
 
 

 
 
 
 
 
 
 
 



 

 
 

 
 
 
Roomtemperatur-Hardening Materials 
 

• Substitute the HT-hardened Silicon by RT Silicon + Hardener-system 
• Increase the alumina content – lower the Mica 

    to and optimum 75:25 for higher abrasion behavior 
Achieved crack free, stable coating, which can be applied by painting and a simple drying/hardening 
process.  
 



WP11 – Deposition procedure for electric insulation 
 
Methodology 
 
In the framework of the PARTICOAT FP7 project, PyroGenesis had a critical role in developing an 
innovative electrical insulation coating, in collaboration with other project partners (Dechema, 
Fraunhofer ICT, Univ. Carlos III Madrid, Larco).  
This new coating was developed to coat copper tubes conducting industrial electrical current of high 
voltage, in order to achieve electrical insulation and avoid spark ignitions. 
 
 
The selection criteria, based on properties, as defined by Larco Metallurgical Company in Greece 
 

1. Low to zero electrical conductivity (electrical resistance in the order of GΩ) 
2. Fire resistance for 1-2 minutes 
3. Good adhesion on the Cu substrate and structural integrity 
4. Deposition procedure below 300°C 
5. Resistance to particle erosion 
6. Low cost raw materials and ease of preparation of the starting feedstock 

 
 
Additional selection criteria 
 

a. Ease of application (brushing or spraying) 
b. No post - heat treatment if possible  

 
 
Candidate materials 
 

a. “Particoat” particles with Si-O semi-polymer as bonding material (DECHEMA) 
b. Cu-Sn-A2O3 “Particoat” systems (FRAUNHOFER ICT) 
c. Potassium Silicate emulsion with “Particoat” particles (UCIIIM)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
Erosion resistivity 
 
Adapted sand blasting system 
Vertical flow of particles at the same point 
Pressure: 3 bars 
Testing time: 3-30 sec 
Distance from coating’s surface: 15 cm 
Alumina particles, grit 18-24 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Flame resistance 
 
Commercial flame generator system 
Vertical flow of flame jet at the same point 
Testing time: 40 sec 
Distance from coating’s surface: 10 cm 
Flame jet diameter: 15 mm 
 
 
 
 
 

 
 
 
 
 
DECHEMA’s approach (mainly coating based on alumina) is the most promising one for the final 
industrial application, since it responds very successfully to all property criteria 
One major disadvantage:  
Curing by heat treatment is needed. This can create serious technical difficulties in industrial scale 
application 
 
 
 
 
 
 
 
 
 
 



2nd Approach 
 
DECHEMA: 3 different new coatings 2 cured at room temperature, with the same ceramic and 
different hardener, and 1 heat treated 
 
Adhesion strength: 
 

 
 
 
Erosion resistance: 
 

 
 
 
Flame resistance: 
 

 
 
 
 
The finally selected coating, which was proposed and initially developed by partner DECHEMA, was 
a composite coating with silicone matrix and a mixture of ceramic particles. 
NO NEED FOR HEAT TREATMENT 
 



On site testing – 1st Test 
 

- Standard D-formulation with hardener 1 was used 
- High viscosity, very difficult application, need to add more liquids 
- Brushing was practically impossible. 
- Long time of application 
- 3 meter Cu tube was coated and transferred by the furnace 
- Feed back observation for 30 days 

 
 

 
 
 
 
Conclusions from 1st test 
 
The initially proposed coating’s composition had to be modified in order to meet the industrial 
criteria: 
Major criterion at the final application stage: time of preparation and time of application/curing 
Problem: flow of material before curing.  
Need for quick curing and for thin coatings 
Old coating 100% removal (sand blasting) is a process demanding planning and time. 
 
 
 
 
 
 
 
 
 
 
 
 



On site testing – 2nd Test 
 
Application parameters to be tested: 

a) Time and way of mixing 
b) Time of achievement of min viscosity 
c) Use of brushing necessary 
d) Time of curing 
e) Property criteria (3 tests in PYRO) 

 
 

 
 
 
Conclusions from 2nd test 
 

• Almost all coatings covered the property criteria 
• Major criterion at industrial stage: time of preparation and time of application/curing 
• Problem: flow of material before curing. Quick curing is necessary 
• Old coating 100% removal (sand blasting) and surface preparation is a process demanding 

planning and time.   
• Hardener 2, although less competitive in properties than hardener 1, gave shorter 

preparation and curing times 
• The whole application plan must be well adapted to Industry’s shut down plan. This means 

sudden stops and tight time frames 
 
 
 
 
 
 
 
 
 
 



WP12 – Electrical insulation performance 
 
Problem: 
 
 Spark ignitions caused severe problems in the production of Nickel. 
 In 2008, production of LARCO stopped 24 times due to spark ignitions. 
 Stoppage times were about 8-36 hrs.  
 The annual loss, caused these incidents, is around 5.000.000 $. 
 In order to avoid spark ignitions a new innovative coating shall be applied in order to 

maintain the electrical insulation and heat resistant of copper conductor used for the power 
supply of EAF. 

 
 
Situation: 
 
 Cylinder Water-cool Tube (30 mm Internal Diameter – 50 mm External Diameter) 
  Electrolytic pure Copper (99,95%) (commercial type Cu HCP) 
  Operation Conditions: Voltage 380 – 420 V and Amperage 6000 – 8000 A 
 Environmental Conditions: Flames – Dust – High Temperature. 

 
 
Copper tubes in the nickel metallurgy plant: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Electrical insulation at high temperatures 
 

 Dechema samples presented excellent results according to all tests. 
 The Dechema design coating prepared by the combination of Corundum and Mica was 

chosen for in situ application by brushing. 
 Pyrogenesis prepared the best combination of DECHEMA coating for in-situ application. 
 LARCO applied the final coating in field and monitoring the performance. 

 
 
In fiel testing – 1st test 
 
Duration 1 Month 
Dechema Coating 
Applied without water cooling 
Applied without electrical current 
Distance from the EAF roof was 80 cm 



 
 

 
 
 

 
 
Results 
 
Good Electrical Resistance. 
The adhesion after one month was bad in some places due to the large thickness of the coating at 
these places. 
The reason of adhesion failure was that during the brushing the coating slurry was not brushed 
equally on the pipe surface resulting in the formation of a coating with large thickness. 



 
In fiel testing – 2nd Test 
 
Start on February 2012 with Dechema coating 
Applied on 6 Tubes with water cooling and electrical current 
Distance from the EAF roof was 250 cm 
Comparison with typical applied varnish 
Total length 6 m 
 

 
 

 
 
 



Results 
 Good Electrical Resistance. 
 The adhesion of particoat coating after 8 months in operation was good. 
 After 3 months in operation, the adhesion of varnish coating gets weaker and in some places 

the electrical resistance starts to reduce. After 8 months the varnish coating doesn’t present 
any electrical resistance. 

 
Final in field tests 

 Start on April 2012 with modified by Pyrogenesis Dechema coating 
 Applied on 12 Tubes with water cooling and electrical current 
 Distance from the EAF roof was 300 cm 
 Total length 30 m 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Results 

 The adhesion of particoat coating after 5 months in operation was excellent. 
 The electrical resistance after 5 months in operation was excellent, too. 

 
Conclusions 

1. The final coating present very good performance in terms of Electrical resistance and 
adhesion. 

2. In comparison with the varnish applied up to now the performance of new coating is much 
better. 

3. The production of the coating slurry must be very careful in order to achieve a successful 
application. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



WP13 – Achievements and advance evaluation 
 
Siemens: 
 
Particoat results which can be applied in  turbines  

•  New aluminization process (no hazardous binder) 
•  Formation of a TBC system based on small Aluminide particles 
•  Formation of stable anorthide phases based on chemical reactions between Aluminide 

particles and CMAS against CMAS attack 
•  First results on SPPS TBC systems 
•  New bondcoat approach based on milled MCrAlY powders 

 
New aluminization process (no hazardous binder) 

•  Application possible on different turbine components 
 Tip bottom aluminization 
 Outer shroud aluminization 
 Rotor aluminization  
 
 
 
 
 
 
 
 
 
 
 
More basic investigation necessary (new development project) 
 
 
Protection agains CMAS 
 
Formation of stable anorthide phases based on chemical reactions between Aluminide particles and 
CMAS against CMAS attack 
Protective anorthide formation on top of PSZ TBC (CMAS protection) 
 

 
 
Internal Siemens project available; Partner: Fraunhofer Institute, FZ-Jülich 
Implementation after final R5 Review; Time schedule: ~ 4-5 years 
 
 
 
 



 
SPPS TBC systems 
 

• First results show that the application is possible 
• Life time must be expanded 

 

 
 
 
Internal Siemens project available; Partner: Fraunhofer Institute, FZ-Jülich 
Preparation of a visibility study; Possible test run in about 5 years  
 
 
New bondcoat approach based on milled MCrAlY powders 
 

• HVOF sprayed milled powder shows good results 
 
No actual Siemens project available; Will be included in the materials road map for future projects; 
Implementation depends on Review results   
 
 
TECNATOM: 
 

 
 



 
 
 

 
 
 
 

 
 
MAIN BENEFITS: 

 Use of common coating deposition procedures (which reduces the manufacturing 
cost) such as: 
 Spraying 
 Brushing 



 Rolling dipping 
 Sol-gel 

 Non special requirements regarding equipment to be used. 
 Improvement of the properties: 

 Extension of the overhaul interval 
 Development of suitable coatings that would allow the use of low cost steels. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


