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Abstract:
In the present report, the studies of tritiated carbon-film removal by oxidizing agents other than Oxygen and
Ozone in ITER are described. Exposure of laboratory produced a-C:H/D films and tokamak flakes (Asdex
Upgrade and Textor) to nitric oxide, water and hydrogen peroxide has been carried out. Temperatures of
exposure up to 350 °C were used, and thermal desorption of the samples at temperatures up to 750 °C was
performed for sample characterization prior to and after the treatment. Elastic Recoil Detection Analysis
(ERDA), Infrared Spectroscopy, XPS and Nanoindentation hardness analysis were applied to the
characterization of the physical and chemical changes of the samples. This work was done under the EFDA
Task 04-1175.
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Resumen:
En este informe se describen los estudios realizados sobre la posibilidad de eliminación de películas de
carbono tritíado en ITER mediante agentes oxidantes distintos del Oxígeno y el Ozono. Se describen los
resultados de la exposición de las películas de carbono hidrogenado/deuterado crecidas en el laboratorio
y de los depósitos carbonáceos producidos en tokamaks (Asdex Upgrade y Textor) o «flakes» a atmósferas
de óxido nítrico, vapor de agua y agua oxigenada a temperaturas de hasta 350 °C. Como técnica de
caracterización de las muestras antes y después el ataque químico de las películas y flakes, se ha utilizado
la desorción térmica hasta 750 °C, . Se usaron también las técnicas de ERDA, Espectroscopia Infrarroja,
XPS y Nanoindenatación para caracterizar las propiedades fisico-químicas de los sustratos y sus posibles
cambios. Este trabajo fue realizado bajo los auspicios de EFDA, mediante la Tarea 04-11754.
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Abstract. 
In the present report, the studies of tritiated carbon-film removal by oxidizing agents other 
than Oxygen and Ozone in ITER are described. Exposure of laboratory produced a-C:H/D 
films and tokamak flakes (Asdex Upgrade and Textor) to nitric oxide, water and hydrogen 
peroxide has been carried out. Temperatures of exposure up to 350 ºC were used, and thermal 
desorption of the samples at temperatures up to 750 ºC was performed for sample 
characterization prior to and after the treatment. Elastic Recoil Detection Analysis (ERDA), 
Infrared Spectroscopy, XPS and Nanoindentation hardness analysis were applied to the 
characterization of the physical and chemical changes of the samples. This work was done 
under the EFDA Task 04-1175 
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Resumen. 
En este informe se describen los estudios realizados sobre la posibilidad de eliminación de 
películas de carbono tritiado en ITER mediante agentes oxidantes distintos del Oxígeno y el 
Ozono. Se describen los resultados de la exposición de las  películas de carbono 
hidrogenado/deuterado crecidas en el laboratorio y de los depósitos carbonáceos producidos 
en tokamaks (Asdex Upgrade y Textor) o “flakes”  a atmósferas de óxido nítrico, vapor de 
agua y agua oxigenada a temperaturas de hasta 350 ºC. Como técnica de caracterización  de 
las muestras antes y después el ataque químico de las películas y flakes, se ha utilizado   la 
desorción térmica hasta 750 ºC, . Se usaron también las técnicas de ERDA, Espectroscopía 
Infrarroja, XPS y Nanoindenatación para caracterizar las propiedades fisico-químicas de los 
sustratos y sus posibles cambios. Este trabajo fué realizado bajo los auspicios de EFDA, 
mediante la Tarea 04-11754.  
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1. Background  
The removal of co-deposits of tritiated materials that will be likely formed during ITER 
operation is an important concern today. In the case of carbon-based materials exposed to the 
plasmas, chemical sputtered carbon and some physically sputtered Be and W are expected to 
contribute to the formation of tritiated layers that may migrate to areas of the reactor hard to 
reach by the plasma. The use of molecular oxygen at relatively high pressures and 
temperatures has been proposed for the burning of these layers, at least in the absence of 
metals, thus releasing the retained tritium as water [1]. So far, temperatures above the foreseen 
limit of 523 K, imposed by the hot water circuit requirements, seem to be required for an 
oxidizing rate compatible with the conditioning period allowed in the routine operation of 
ITER. The goal of the present work is to develop alternative concepts for the removal of 
tritium, not necessarily in the form of tritiated water, that fulfil the requirements of high rate at 
T<523 K, compatibility with the presence of metals in the deposits and reasonably harmless 
for the rest of the in-vessel materials. Two main concepts have been tested: the use of reactive 
gases that could release directly the retained T and the catalytically enhanced isotope 
interchange of D/T. In the first case, nitric oxide (NO) is well known as a highly reactive 
species against atomic species, and it is the base for many techniques of atomic N, O and H 
detection by titration. For the case of H, the gas phase reaction  

NO+H (+M)  ◊  NOH (+M)     (1)  

followed by   

NOH +H (+M)  ◊ � NO + H2 (+M)    (2)  

where M stands for possible buffer for the (ter-molecular) reaction, is very efficient, with rates 
of K = 5.4 10

-13 

cms
-1 

at T= 300K and PM= 1 atm [2]. Thus, for a weakly bounded (trapped) H 
in a substrate, and being M in this case the substrate material surface where the excess energy 
will be transferred, the set of reactions shown could lead to the release of molecular hydrogen, 
the NO acting just as a catalyser. On the other hand, NO can also attack the carbon substrate 
as an oxidant. Direct isotope interchange has been previously tested, but the results are not 
conclusive. Due to the high temperatures required for a relevant yield in the oxidative removal 
of the films, and the high diffusivity of hydrogen at those temperatures, the removal of tritium 
in the form of molecules by this mechanism, which will ease its recycling into the fuel cycle, is 
strongly appealing. Such interchange can be activated by the creation of active sites with 
suitable agents. One of these agents is the hydrogen peroxide, as it has been shown in other 
type of systems [3]. In addition, the high oxidative characteristics of this molecule can also 



help in the erosion of the films. In this work, some of these ideas have been tested in 
laboratory carbon films and in flakes from the Asdex Upgrade divertor and from the ALT 
limiter in Textor.  
 
2. Set-ups  
Several experimental systems have been used in this project:  
1.-Oxidation tests of DLC samples were carried out in a LPCVD (Low Pressure Chemical 
Vapour Deposition) system, previously described [4]. It consists in a quartz reactor (6.7 cm 
i.d., 100 cm long), located inside a resistive furnace, with three independent heating zones, able 
to reach 1300 K. The gases (N2, O2 and NO) are introduced in the reactor through stainless 
steel tubing up to reach the required pressure. Before and after each run, the chamber is 
pumped by a vacuum system (root and rotary pump RUVAC WSU-501) up to a base 
pressure of 10-3 Torr (see fig.1). The elemental composition of the films was determined by 
Elastic Recoil Detection Analysis (ERDA) with a 2 MeV tandem accelerator facility. The 
evolution of the samples during the oxidation treatment has been followed using infrared 
spectroscopy [5]. The IR spectra were recorded at room temperature by a Hitachi 270.50 

double beam infrared spectrophotometer in the 4000-400 cm
-1 

range with a resolution of 2 

cm
-1

. A nanoindenter (Nanotest mod 300) has been used for the measurement of layers 
hardness.  

2.-Isotope Exchange experiments with hydrogen were performed over the deuterated 
samples held inside a quartz reactor coupled to a grease-free standard vacuum system [6]. The 
gas phase was analysed by an on-line mass quadrupole spectrometer (Balzers QMG 421C) 
connected to the reactor through a metering leak value. Ion current of the various products and 
the temperature of the sample were simultaneously collected in a personal computer. In these 
experiments the gas phase is recirculated through the sample bed by a low volume stainless 
steel mechanic pump (Metal-Bellow Corp). The amount of hydrogen introduced in the reactor 
was estimated to obtain amounts of the compounds D2, DH and H2, of the same order of 
magnitude. Temperature programmed desorption (TPD) experiments were conducted in the 
same apparatus. After evacuation at room temperature for 30 min the samples were heated up 
to 973 K at 10 K/min and the evolved products analysed by mass spectrometry. The 
thermogravimetric experiments were carried in a microbalance, C.I. Electronic, with a small 
quartz basket were several mg of the samples were deposited. The sample was heated in an air 
flow rate of 20 ml/min up to 873 K at approximately 5K/min (see fig.2) 



 
 
Fig.1. Set-up for oxidation of films and flakes  
 
 
 
 



 

Fig 2. Set-up for isotope exchange experiments 

3.- In addition to the above facilities two other reactors were utilized for the production of 
C-H coatings and for the oxidation of Textor flakes. A glow discharge reactor consisting 

of a cylindrical metallic chamber (V=10 l, inner area ~2000 cm
2
) pumped by a 400l/s 

turbomolecular pump (base pressure ~1.10
-7 

mbar) was used for the deposition of hard C:H 
films on silicon substrates. The films were created from a DC plasma of hydrogen-methane 
(80:20) at typical currents of 100-200 mA and V~400V and pressures of 0.5-1 Pa. 
Profilometry measurements in a test sample yielded thickness values of 300-500nm, in good 
agreement with mass balance from the cracking of methane into the discharge, followed by a 
differentially pumped mass spectrometer. These films were analyzed by IR and ERDA (see 
appendix). The other reactor consist of a glass tube (L=50 cm, d= 2cm) located in an oven 
(Hereaus, T<1723 K) and coupled to a vacuum system, consisting of a throttled turbo pump 
and a highly collimated, differentially pumped mass spectrometer system. This set-up was 
used for the oxidation studies of Textor flakes, as described below and it is very similar to that 
shown at the bottom of figure 1  

 



3. Results.  

The studies on the following systems are described:  
a) Oxidation of a-C:H films prepared at  CIEMAT in  O2 and NO atmospheres 
b) Oxidation of flakes from Textor  in O2 and NO atmospheres 

c) Isotope interchange/oxidation on flakes provided by Asdex Upgrade and Textor.  

a) Hard hydrogenated carbon films were synthesised at CIEMAT in a glow discharge 
reactor. The films, grown on a polished Si wafer, were first characterised by ERDA and IR 
techniques, and their mechanical properties were also measured (see Appendix). Exposure of 
the films to O2 and NO, under conditions compatible with those foreseen in ITER, was carried 
out. The evolution of H content in the film was followed by IR absorption spectroscopy. The 
main findings are:  

The high quality films display a good homogeneity and high hardness (17 Gpa). The 
oxygen content was always below the measurable limit and  the samples kept stable against 
the analysing beam. The IR spectrum shows H atoms are basically bonded to C in the form of 
CHx radicals (band at 2950 cm

-1

) as shown in Fig. 3.  

 
Fig. 3. Typical absorption spectrum of a DLC film as deposited  

Moreover, in figure 4, infrared spectra of DLC coatings after one hour of exposure to a 37 



Torr molecular oxygen atmosphere varying the temperature in the 540-673 K range are given, 
and as it can be seen no change in hydrogen concentration ( as deduced from the CH, IR band 
at 2950 cm

-1 

)  has been detected for T<609 K. Only by exposing them for 2 h at T= 673 K 
(not shown in the figure), the CH band totally disappears. This yields an erosion rate of 
~0.25-0.4 µm/h. During the oxidation process, the loss of hydrogen is not entirely uniform, 
showing some random fluctuations, which have been associated with the presence of some 
hydrogen molecules occluded in the film.  
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Fig.4. Evolution of IR spectrum with temperature of exposure to the oxygen and detail of the 
CH band (bottom)  

Exposure of the films to NO (37 Torr) at 573 and 609 K (just slightly higher than the 
required oxidation temperature of 540 K) for 1 h does not lead to any significant change in 
the CH band, as shown in Fig. 5. However, it is worth to mention that a change in colour 
(green to brown) was detected, as was also observed in the oxygen exposure but at 673 K. 



This fact could indicate a more intense oxidation effect of NO with respect to molecular 
oxygen, although it could not be definitely confirmed.  
 

2000 2400 2800 3200 3600

0.24

0.26

0.28

0.30

A
b
s
o
rb

a
n
c
e
 (

a
.u

.)

 DLC as deposited
 1h 573 K
 1h 609 K

Wavenumber (cm-1)

 

Fig. 5: Film spectrum evolution after 60 min exposure to NO at 573 and 609 K.  
 
b) Oxidation of flakes from Textor in a flow reactor at CIEMAT  
 
Several flakes from different locations in the ALT II limiter were provided by the Textor team 
(A. Litnovsky). Flakes from the neutralizer plate were inserted into the reactor built at Ciemat. 
Each sample contained about 2.5 g of carbon with high content of H and water, as determined 
at the chemical analysis run (see appendix). They were first degassed in the presence of 
nitrogen at 533K for 1 hour. Then, a constant flow of reactant (O2 or NO) was established 
and the reaction products were recorded by a mass spectrometer. A total pressure of 2 Torr 
and a temperature of 533 K were imposed. The release of CO, CO2 and H2O was clearly seen 
for the oxygen exposure, as shown in Fig. 6  



 
Fig.6. Mass spectrum during exposure of Textor flakes to O2  

As seen in Fig. 6, a steady ratio of 1:10 for the production of CO2 compared to that of CO 
was measured, and a transient peak of CO was released in the first minutes of the exposure. 
Very low concentrations of H2 were also recorded. Since the transmission tube to the mass 
spectrometer chamber was kept at room temperature, no direct assessment of the relative yield 
for water production can be made. The final rise of all the products after stopping the oxygen 
flow at t = 3400 s is simply due to the change of vacuum conditions of the system. When the 
nitric oxide was used as the reactant, a very different mass spectrum was recorded. This is 
shown in Fig. 7  



 

Fig.7. Same as Fig. 6 for NO exposure  

A strong release of mass 44 can be seen from the beginning. This was initially ascribed to 
CO2, as in the oxygen case. However, calibration of the system at low temperature indicates 
no relationship between carbon oxidation and the presence of this mass. Instead, the 
formation of N2O in the spectrometer at relatively high pressures of NO seems to explain it, 
according to the reaction, possibly taking place at the filament of the spectrometer  

2 NO◊ N2O +O       (3)  

Thus, only one oxygen atom every 2 molecules of NO could be released by this process, i.e. a 
25% of the available atomic oxygen compared to that in the oxygen molecule. Moreover, 
decomposition of NO at high temperature or direct attack of the carbon film by N2O will 
yield a significant amount of N2, overlapping with CO in the mass filter at amu 28. Water 



release in this experiment seems comparable with the oxygen case. More important is the 
behaviour of the H2 peak, potentially produced in the sequence 1 and 2 fast reactions shown 
above. As seen, a negligible amount of this species is produced during the exposure of the 
flakes to NO, in contradiction with the gas phase observations, as described by Okabe (2). In 
addition, no sign of NOH formation at mass 31 was detected either (reaction 1). Finally, 
visual observation of the samples after their exposure to the reactive gases at 533 K, indicates 
some morphological changes only in the case of the oxygen run, their aspect turning into 
some kind of dust after the treatment.  

c) Flakes from Textor and AUG.  
Samples from the Textor ALT II limiter were analyzed by TDS under vacuum. Strong water 
desorption is observed, and release of masses 2 (H2, dominant) and 28 (CO) was seen at T> 
600-700K, as shown in Fig. 8. Also, but no shown, some release of mass 3(HD) and 4(D2) 
was detected. Three types of samples from the AUG divertor area were provided (see 
appendix). They were small flakes, from scratching the structure (A), some dusty material 
from the roof baffle and its carbon tiles (B) and some light brown, large flakes from the roof 
baffle structure (C). A sketch of the AUG divertor with the relevant locations is given in the 
Appendix. SEM images indicate different microstructures for all these samples. As seen, 
particle sizes in sample C are larger than in the rest. The flakes from this location are also 
lighter in colour and show a relative higher H/D content than those from B. 

 



 
Fig.8. TDS of Textor flakes. NOTE:, the m/e peaks are asigned in the following way : 
m/e 2 =H2, 3=HD, 4=D2,16= CH4 18=H2O, 19=HDO, 20=D2O and  28=CO,N2  
 
 
 
 

 

Fig.9. SEM of Samples A, B and C from Asdex U divertor 
 
 
 
 
- TDS of sample B under vacuum shows water (mass 18) desorption, followed by mass 28 
(T>500 K) and masses 2, 3 (dominant in sample B) and 4 at T>500-700 K. Masses at 19 and 
20, likely HDO and D2O, are released at T>500K, following the shape of the amu 18 peak in 
this temperature range, that shows a complex structure. This is explained in terms of water 
trapping in the film at different depths. Only the deepest layers shows H/D exchange in the 
water molecule, as shown in Fig. 10.The vacuum thermal desorption of H isotopes from 
flakes B and C is shown in fig.11.  



 

Fig. 10. TDS of sample B. : m/e 2 =H2, 3=HD, 4=D2,16= CH4 18=H2O, 19=HDO, 
20=D2O, 28=CO/N2 
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Fig.11: TDS of H isotopes. Samples B(top) and C(bottom) : m/e 2 =H2, 3=HD, 4=D2. 

 
H2 was re-circulated on type B samples at 3 Torr. First, the temperature was fixed to at T= 
573 K for 1 hour and no isotope interchange was seen. By ramping the temperature up, the 
interchange take place at T>700 K, as shown in Fig. 12.  
 
 
 
 

 

 

 

 

Fig.12. Isotope interchange in type B samples. m/e 2 =H2, 3=HD, 4=D2 
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A continuous decrease of mass 2 was produced during the experiment due to the pumping 
effect of the spectrometer vacuum system. Thus, the pressure during the temperature ramp up 
was about half its initial value. Again, mass 3 (HD) is mainly formed.  

The possible enhancement of isotope interchange by the action of hydrogen peroxide was 
tested in several ways. First, the samples were simply wetted by H2O2 and then a TDS 
spectrum was recorded, as shown in Fig. 13.  

 

 Figure 13. TDS of AUG flakes after their wetting with H2O2. At the bottom, detail of 
hydrogen isotope release : m/e 2 =H2, 3=HD, 4=D2,16= CH4 18=H2O, 19=HDO, 
20=D2O, 28=CO/N2, 32=O2 and 44= CO2   



The most remarkable effect is the release of water showing maxima at several temperatures, as 
it was apparent also from the data of figure 10, again suggesting a multilayered structure of its 
adsorption into the flakes. The desorption of DHO at mass 19 and D2O at mass 20 are also 
seen at correspondingly higher temperatures and with decreasing intensity. This observation 
could be explained by assuming that the isotope interchange proceeds from the C-H surface 
groups. The TDS of H isotopes of amu 2,3 and 4 in Fig. 13.b (bottom) seems to be 
insensitive to processing of the samples. The exposure to a constant pressure (3 Torr) of H2 

after the treatment of the flakes with H2O2 was then undertaken. The conditions were the same 
as those in the untreated case (fig.12) Again, a constant temperature of 523 K was first 
established, followed by ramping up and no significant interchange is seen at T< 700K, as 
shown in Fig. 14  

 
Fig.14. Isotope interchange after wetting the sample with H2O2 : m/e 2 =H2, 3=HD, 
4=D2. 

In figures 10 and 13 strong release of CO and CO2 (only depicted in figure 13) at 500 K can 
also be seen. This fact suggested the possibility of direct oxidation of the substrate by water 
and hydrogen peroxide. In order to test this, a method for continuous feeding of the reactant 
had to be envisaged. The high rate of decomposition of hydrogen peroxide in the presence of 
metals prevented the installation of a vacuum tight reactor able to properly condition the 
samples by backing them under vacuum. Then, a continuous flow of He saturated with H2O2 



at RT was run over the unconditioned samples while the temperature was ramped up to 523 
K. As seen in figure 15, a fast decrease of the sample weight was initially recorded, but a 
much lower erosion rate was measured during the temperature plateau. The fast rate of weight 
loss could be associated to the release of water from the sample (no mass spectrometer 
recordings were possible). The experiment was then repeated with water-saturated He flow. 
From the comparison of the results shown in the figure below, no difference between the 
erosion by normal and oxygenated water is apparent. From the slope at constant T= 523K, an 
erosion rate of 60 mg/h is deduced.  

 

Fig.15. Thermogravimetric measurements of flake erosion by water (black) and hydrogen 
peroxide (red).  
 
 
1. Conclusions and future work.  
 
In spite of the expectations based on the NO+H rate constants given above (1 & 2), none of 
the experiments, here reported, has yielded any significant improvement of NO exposure with 
respect to oxygen treatment at 523K for the removal of hydrogen from the flakes. However, 
some conclusions can be drawn with respect to the possible alternatives to the direct oxidation 
at high temperature. Perhaps, the most conspicuous finding is that some isotope interchange 
by exposure to high pressure hydrogen is possible at temperatures (~700 K) typically 
considered for efficient oxidation. Obviously, this alternative will solve many of the potential 
problems associated to the oxidation in the presence of metallic getters, as Be, and more effort 
to characterizing the optimum conditions and possible complication in realistic scenarios 



should be devoted. The lack of any significant improvement in the conditions for such 
interchange by the effect of a catalyser as the hydrogen peroxide, with well known 
performance in other systems, opens the question of the required pre-treatment of the 
samples. The fact that no clear removal of the water content of the flakes was made in the 
reported test may prevent the creation of active sites in depth, a pre-requisite for the 
incorporation of the OH radicals, and therefore represents one of the options to be explored. 
It seems clear, however, that oxidation by continuous exposure to water, hydrogen peroxide or 
nitric oxide is less effective than using pure molecular oxygen at the temperatures of interest 
for ITER. Concerning the lack of reaction between nitric oxide and the film’s hydrogen, even 
when the flakes under investigation showed a high degree of porosity, one possible 
conclusion is that C-H bonding, dominant in the sample, prevents the formation of the 
intermediate NOH radical at the surface. Although no chemical analysis was made after 
exposure to NO, changes in colour of the DLC films for T= 609 K experiments were 
detected. In carbon/nitrogen molecules mixtures, one possibility is the formation of C-N 
bonds in the film, and the search for nitrogen-bearing reaction products seems justified due to 
the high stability of C-N bonds, with strength even higher than the oxygen counterparts. A 
good example of this kind of chemistry is the catalytic oxidation of ammonia in carbon [8], 
leading to the formation of molecular nitrogen and water even at T values <500K, but 
involving the formation of C-N bonds in the carbon film. The possible interchange between H 
from the film and gas phase H atoms, thus leading to the release of tritiated water if used in 
ITER scenarios, has not been explored yet, and also deserves some experimental check. 
Finally, it is worth mentioning that no synergetic effects have been tested in the present 
experiments at all. Thus for example, the simultaneous exposure of the films to molecular 
hydrogen together with the catalyser (i.e., using H2 instead of He as the buffer gas in the 
hydrogen peroxide exposure experiments) should be tested over deuterated samples. Work 
on these lines is presently in progress.  
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Appendix.  
1. Summary of RBS (Rutherford Back Scattering) and ERDA (Elastic Recoil 
Detection Analysis) results on CIEMAT films  

Experimental details:  

The RBS and ERDA spectra were recorded simultaneously by using a 2 MeV He+ 
beam at an incidence angle of α=75° with respect to the surface normal. This combination 
allows for complementary information about hydrogen from ERDA and heavier elements (C, 
N, O and Si) from RBS. The spectrum was acquired with silicon surface barrier detectors 
located at scattering angles of θRBS=170° and θERDA=30°, respectively. In front of the 
detector located at the forward scattering angle (ERDA), a 13 µm thick mylar foil was placed 
to filter the H recoils from the He scattered particles.  

 
 
 

 

 

 

Scheme of the set-up used  for RBS and ERDA measurements  



 
RBS results. Counts vs Energy (channel )showing the contribution of carbon, hydrogen and 
silicon (substrate) atoms, to the total RBS spectrum of the sample. 

ERDA results: Experimental ERDA data (Counts vs energy) and simulated spectrum (blue 
line) obtained by fitting ERDA results.  

 



 
The resultant composition and characteristics of the samples are given below: 

- Thin layer (few hundreds of nm) 
- No oxygen contamination: content below the detection limit of the technique (<1 at.%) 
- Sample is laterally homogeneous (small changes in the thickness) 
- Sample is very stable upon ion bombardment (no hydrogen loss and no reduction in  

the thickness) 
- Fitting results: Thickness = 2800 x 10

15 

at/cm; H = 34 at. %: H/C= 0.515 
- Roughness had to be included in the simulations (~300 x 10

15 

at/cm2): contribution of 
surface roughness and/or lateral inhomogeneity in the thickness  

 
 
2. Hardness measurement by Nanoindentation  

 
Loading-unloading curve : variation of the penetration length of the diamond indenter into 
the sample, the load increasing from 0 to 5 mN and subsequently decreasing again to 0. The 
differences between both curves supply valuable information about the plastic behaviour of 
the samples.  
 



3. Comparative IR spectrum of DLC and Textor flakes 
 

 

 

 

 

 

 

 

Black: ALT-II flakes. Red: DLC film on Si wafer (enlarged 10x)  

Intensity of IR absorption bands for DLC films and Textor flakes  

Sample  1200-1700 cm -1  CH 2900 cm -1  OH (3500 cm -1)  
DLC film  4.49  1.24  -- 
Flakes  32.73  8.38  72.97  
 
From infrared results, significant differences between DLC coatings, deposited by glow 
discharge, and the flakes, formed on the reactor walls during Textor operation, may be 
inferred. Both types of samples are formed mainly by hydrogen and carbon atoms, but the 
flakes have quite high oxygen content forming OH groups, due to water uptake. This fact 
indicates a high degree of open porosity in the flakes. Finally, it is worth to mention the 
higher total hydrogen content of the flakes, since hydrogen atoms are incorporated as CHx 

and also as OH radicals.  
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4. Approximate locations of analysed samples at the Asdex Upgrade Divertor : 
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