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ABSTRACT 

Part of the First Wall of the conceptual design of the Next European 

Torus NET consists of radiation cooled carbon tiles. The tile tempera

ture is determined by the optical properties of the facing surfaces. 

The heat transfer to the 316 stainless steel structure can be im

proved by applying a high emissivity coating. For this purpose cera

mic coatings can be applied. This paper deals with the development 

and characterization of atmospheric and vacuum plasma sprayed tita

nium carbide as high emissivity coatings. Microstruetural evaluation 

of these coatings includes X-ray diffraction and light microscopy of 

cross-sections. The total emissivities of vacuum and atmospheric 

plasma sprayed TiC coatings were measured at PTB Braunschweig at 

525 K. Reflection measurements were performed at ECN Petten by using 

a YAG laser with a wavelength of 1.06 pm at room temperature. The 

effects of compositional differences on optical properties are 

discussed. 

1. INTRODUCTION 

Part of the First Wall of the conceptual design of the Next European 

Torus NET consists of radiation cooled carbon tiles [1]. The tile tem

perature is determined by the optical properties of the plasma facing 

surfaces. The heat transfer to the 316 stainless steel FW structure 

can be improved by applying a high emissivity coating. 

TiC is being considered as a candidate material for such a coating. 

The emissivity must be as high as possible at wavelengths in the 

range 1-4 pm for operational temperatures of 575-775 K. 

Another advantage of a TiC coating with thickness of 25 pii is that 

it provides a second protection of the First Wall against plasma dis

ruptions in case of missing tiles. Disadvantages of this material are 

its brittleness and oxygen sensitivity. The thermal shock resistance 

of TiC coatings with a thickness of 500 pm had been tested earlier by 

a Nd-YAG laser and appeared to be about 1 MJ/m' for a pulse duration 

of 10 ms [2]. 



- H -

2- COATING PRODUCTION AND CHARACTERIZATION 

Coatings have been produced by atmospheric plasma spraying (APS) and 

vacuum plasma spraying (VPS) by the "Innovationszentrum für Schweiss 

und Oberflachentechnik 1S0T" GmbH in Dortmund, FRG. in close collabo

ration with the Institute for Materials Technology, University of 

Dortmund (H.D. Steffens). The samples were sprayed using an APS HETCO 

9 MB gun and ELECTROPLASMA VPS equipment. The spraying procedure 

was described in [3]. 

Before spraying, the AISI 316 L substrate was submitted to the 

following treatment to have reproducible experimental conditions: 

1. grit blasting with white corundum; 

2. acetone cleaning; 

3- quantification of surface roughness. 

Four types of coatings were sprayed: 

a. VPS, fine grain size powder (5-6 - 36 um), 

b VPS, coarse grain size powder (36 - 56 um), 

c. VPS, coarse grain size powder with 5 wt? addition of A1,0, and 

TiO,, 

d. APS, coarse grain size. 

The coatings were characterized by X-ray diffraction. 

3- EMISSIVITY MEASUREMENTS 

The total emissivity was measured at the Physikalisch-Technische 

Bundesanstalt Brpunschweig [̂ ,5] at 525 K (see Fig. 1) and by the 

Institut für Kemenergetik und Energiesysteme der Universitat 

Stuttgart at temperatures in the range of 700 to 1150 K. The total 

emissivity is defined as the ratio of the radiation density of a sam

ple to the radiation density of a black body at the same temperature. 

Reflection measurements were performed at ECN Petten using an inte

grating sphere and a YAG laser with a wavelength of 1.06 urn at room 

temperature (see Fig. 2). 
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The hemispherical near normal spectral absorptance of a coating 

sprayed with a coarse grain size was measured at the Joint Research 

Centre Ispra at wavelengths in the range froa 1 to 50 pa by a solar 

reflectometer at three temperatures (309. 3*»3 and 372 K). 

lj. RESULTS 

X-ray diffract'on of the VPS coating sprayed with a coarse grain size 

showed that only pure TiC is present. Coatings sprayed in the 

presence of oxygen contain TiCxNyOz and TiO, phases. 

Total emissivity (referring to the blackbody wavelength distribution) 

measurements at PTB showed that a VPS TiC coating (coarse grain) 

has a total emissivity of 0.62 ± 0.01. The presence of oxygen results 

in an increase of the total emissivity as shown in Pig. 3- The total 

emissivity of an APS TiC coating was measured by IKE Stuttgart be

tween 700 and 1150 K (see Fig. 't). The total emissivity at the lowest 

measured temperature, about 700 K, is 0.65 in accordance with the re

sults of PTB [6]. The emissivity of APS and VPS coatings, calculated 

from reflection measurements at ECN Petten [73 appeared to be in the 

range from 0.68 to 0.90 at a wavelength of 1.06 urn, see table 1. 

The hemispherical near noraal absorptance of a TiC coating, fabrica

ted with a coarse grain size powder (36 to 56 urn) were measured by 

JRC Ispra [8] at 3 temperatures (309, 3^3 and 37* K), (see Fig. 5). 

The calculated hemispherical solar emittance is 0-77 at 372 K accor

ding to [8]. Touloukian [9] reports for bulk TiC a total emittance of 

0.77 to 0.90 at a wavelength of 0.65 "• (1123 < T < 2618 K). 

5, CONCLUSIONS 

The total emissivity of plasma sprayed TiC coatings at 525 K is about 

0.62. Oxygen presence results in an increase of the emissivity. 

Values of total emissivities of TiC coatings vary from 0.62 to 0.70. 

TiC is highly oxidation sensitive. 
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Table 1. Eaissivity of TiC coatings at 1.06 pa determined fro» 

reflection aeasureaents at ECN (eaissivity = 1 reflection). 

- — • • •• - — . . . -

Vacuua Plasaa Spray 

Coating; designation 

TiC 

TC 18 
LTC 6 polished 
LTC 6 
LTC 9 

LTC 7 

PT2# 

• Plasaa Technik 

Steel 

316 
316-gritted 

Eaissivity 

0-881 
0.705 
0-791 
0.8 

0-293 

0.813 

0.16 
0.566 

Ataospheric Plasaa Spray 

Coating designation 

TiC 

A 
TC27 
ECN G 
ECN X 

B 
C 

Eaissivity 
i 
1 

! 

0.711 
0.78 
0-773 
0.68 

0.72 
0.718 

1 
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Figure 5. Hemispherical near noraal spectral absorptance versus 

wavelength (as measured by Dr. F. Brossa}. 
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