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Abstract 

We discuss the applicability of laser induced breakdown spectroscopy (LIBS) for deuterium 

retention analysis in compact and porous tungsten-oxide (W-O) coatings. Deuterium loading was 

performed by exposing the coatings to deuterium plasma in Magnum-PSI linear plasma device. 

The deuterium signals obtained by ex-situ LIBS had sufficiently good signal-to-noise ratio for 

reliable separation of essentially broadened hydrogen and deuterium lines as well as for 

comparison of the lateral and depth distributions of deuterium in the coatings. Strong deuterium 

signal was obtained for the first laser shot which corresponded to the surface layer of the W-O 

coatings whereas deeper in the coating the signal decreased to noise level. In addition, the 

deuterium signal was highest in the central region of compact W-O coating. For both coatings, 

depth profiles of elements obtained by LIBS match with those recorded by secondary ion mass 

spectroscopy (SIMS) in the lateral direction along the sample surface. The results of LIBS and 

SIMS results were supported by Scanning Electron Microscopy (SEM) and X-ray diffraction 

(XRD) data which showed that the exposure to deuterium plasma resulted in remarkable changes 



in the surface morphology along the sample surface. The study demonstrates the LIBS potential 

in deuterium retention measurements in plasma facing components. 

Keywords: LIBS analysis of ITER relevant tungsten coatings, deuterium loading by Magnum-

PSI plasma, diagnostics by SEM, SIMS, XRD 

 

1. Introduction 

The retention of fuel (deuterium and tritium) in tungsten (W) is an important research topic in the 

development of plasma-facing wall components due to the need to keep the tritium inventory in 

ITER below 700 g [1]. In most of the fuel retention studies, deuterium is used as the proxy for all 

fusion fuel. The deuterium retention in the plasma-facing components depends both from the 

plasma parameters and surface properties [2–11]. In fusion reactors the plasma exposure 

modifies the surfaces by damage and re-deposition of wall material together with fuel and other 

impurities resulting in the formation of layers with variable porosity, crystallinity and elemental 

composition [12–17]. Deuterium retention studies with coatings simulating such layers are 

usually carried out with linear plasma devices. In the case of bulk tungsten used in the plasma-

facing components of the reactor divertor, it has been shown that deuterium retention depends on 

the W grade [3,18,19]. The retention increases considerably for nanocrystalline compact and 

porous W coatings [6,9]. The presence of other impurity elements, for example oxygen, also 

influences retention [8,10]. The deuterium retention has shown to increase an order of magnitude 

in crystalline tungsten-oxide [8] while in porous tungsten-oxide the retention was comparable 

with bulk tungsten [10]. Such tungsten oxide (W-O) deposits are formed in tokamak divertor 

tiles during plasma exposure at high temperatures from oxygen contamination originating from 

vacuum leaks, residual impurities and native oxide in materials [11,14]. 

Laser induced breakdown spectroscopy (LIBS) has been shown to be a promising method for the 

in-situ fuel retention monitoring in tokamaks [20–25] and linear plasma devices [26–29]. 

However, the line intensities in LIBS spectra depend not only on the coating composition but 

also on morphology and crystalline phase content [30–32]. Besides the spectral lines intensities, 

the determination of the deuterium retention in the plasma-facing components requires the 

knowledge of ablation rates of the investigated materials which also depends on the coating 



properties [32,33]. These coating properties may be further changed by the exposure of coatings 

to high plasma fluxes [26,34,35]. This necessitates extensive studies of the influence of coating 

properties and the parameters of deuterium loading on the LIBS spectra. 

The aim of the work was to validate the applicability of LIBS for fuel retention measurements in 

coatings which have considerably different morphology and crystalline phase content and whose 

surface was further modified by high deuterium plasma fluxes. For this purpose, the ex-situ LIBS 

was applied to compact and porous W-O coatings [9,36] which were exposed to high fluence 

deuterium plasmas in Magnum-PSI. The results of LIBS measurements were related to the 

deuterium retention and surface properties obtained by secondary ion mass spectroscopy (SIMS), 

scanning electron microscopy (SEM) and X-ray diffraction (XRD) measurements. 

 

2. Experiment 

2.1. Preparation of W-O coatings 

The W-O coatings were produced by the pulsed laser deposition (PLD) method from pure 

metallic W targets in Ar or He atmosphere. The wavelength of the laser beam was 532 nm, the 

laser fluence 15 J/cm2 and the distance between target and substrate was 7 cm. More detailed 

description of other PLD parameters is given in [37,38]. The deposition in He atmosphere at 70 

Pa resulted in practically featureless compact coating (Fig. S1a) containing 17 at. % oxygen. The 

deposition in Ar atmosphere resulted in porous coating (Fig. S1b) with nanostructured features 

with cauliflower like shape and containing 50 at. % oxygen [36]. The coatings were prepared on 

stainless steel substrates with the diameter of 30 mm and thickness 1 mm. In the case of porous 

coating, an adhesion layer of crystalline W was deposited at 10-3 Pa [9]. The intended value for 

coating thickness was approximately 1 µm. 

 

2.2. Deuterium loading by Magnum-PSI plasma 

Samples with W-O coatings were exposed to deuterium plasmas of the Magnum-PSI device 

located in the Dutch Institute DIFFER [39]. The experiments were performed with the new 

Magnum-PSI setup supplied with superconducting magnet which enabled the use of long 



exposure times. The loading was carried out using a 120 A source current during an exposure 

time of 4050 s. The axial magnetic field of 0.6 T resulted in 20 mm full width at half maximum 

(FWHM) of the Gaussian plasma beam whereas the full beam diameter was about 35-40 mm. 

The targets were biased at -40V resulting in an ion energy of about 40 eV. According to the 

Thomson scattering measurements, the electron temperature was 1.04 eV and electron density 

2.5·1019 m-3. These values were used to calculate the ion flux of 1.4·1023 m-2s-1. The fluence 

value determined from the flux and exposure time was 5.7·1026 m-2. The ion flux was chosen as 

close as possible to ITER relevant fluxes of 1024 m-2s-1 while keeping the temperature at 

reasonably low value. Previous studies with tungsten based coatings have used similar fluences 

with an order of magnitude higher ion flux values comparable to the high fluxes expected in 

ITER divertor tiles [6,10,40] or orders of magnitude smaller fluences and fluxes [7,9]. The lateral 

distribution of ion and electron fluxes in linear plasma devices have Gaussian profile whereas the 

width of the profile is different for ions and electrons. The surface temperature of the samples 

was 250°C, measured by IR camera. Higher temperature and the use of D and He mixtures 

would reflect more closely the conditions at ITER walls [34,35] but in present study a relatively 

low surface temperature was chosen to ensure high deuterium retention [41,42].  

 

2.3. Ex-situ characterization methods 

The surface, phase composition and elemental composition analysis methods (SEM, XRD and 

SIMS) were used to put the LIBS results into perspective i.e. to clarify the properties of coatings 

on which the LIBS was applied.  

The surface and cross-section morphology of coatings at different positions on the surface was 

determined by high-resolution SEM (HR-SEM) equipped with a focused ion beam (FIB) 

(HeliosTM NanoLab 600 FEI). Elemental distribution along the cross-section of the coatings was 

determined by energy dispersive X-ray spectroscopy (EDX) using INCA Energy 350 

spectrometer (Oxford Instruments). Before the production of the cross-sections of coatings by 

focused ion beam (FIB), the samples were coated by Pt. The widths of field of view in the 

obtained images were between 2.56 to 12.8 µm. 



XRD analysis by Smartlab (Rigaku) diffractometer was carried out to determine the crystalline 

phase composition and possible texture of the coatings after deuterium loading. The wavelength 

of the X-ray radiation was 1.54 Å (Cu Kα line) and the spectra was recorded from 25 to 110°. 

The instrumental FWHM was 0.25°. 

The depth profiles of elements were determined by SIMS and LIBS.  LIBS measurements were 

carried out three weeks after the loading while the time between the loading and SIMS 

recordings was 5 months. It should be noted that the samples were stored in the plastic bags and 

the main contamination caused by long storage is the water vapor. 

SIMS measurements were made by a double-focusing magnetic sector SIMS (VG IonexIX-70S) 

with a 5-keV O2
+ primary ion beam at a current of 250 nA. The analysis area was 0.3x0.4 mm2 

and an electronic gate was used to record the signal from the 10% central region. SIMS 

measurements were made at different positions along the surface of coatings. 

LIBS experiments were carried out with a setup whose detailed description is given in an earlier 

paper [43]. A pulsed Nd:YAG laser (Quantel) operating at 532 nm and a pulse width of 6 ns was 

used. The laser beam was focused by a lens with focal length of 150 cm on the sample surface at 

90°. The pulse energy was 55 mJ and the corresponding fluence was 25 J/cm2. The emission of 

plasma plume was recorded at 45° angle with respect to the laser beam. For the detection of α-

lines of hydrogen isotopes, a 0.5 m Czerny-Turner spectrometer coupled with an Andor iStar 

ICCD camera (DH340T-18F-03) was used to collect the spectrum in ≈ 20 nm wavelength range 

around 656 nm with a spectral resolution of 0.06 nm (FWHM). An Echelle spectrometer (Andor 

Technology Mechelle 5000) with an ICCD camera was also used to collect simultaneously the 

emission spectra in the 250 - 850 nm range. The relative sensitivities of the recording systems 

were calibrated by deuterium-halogen calibration source (Ocean Optics DH-2000). 

The delay between the laser pulse and spectral recording was fixed to 1000 ns and the recording 

time-gate width was also 1000 ns. The measurements were carried out in an argon atmosphere at 

2 Torr. These settings guaranteed optimal separation of the Hα and Dα peaks as well as ensured a 

good signal-to-noise ratio [43,44]. LIBS measurements were made at different positions along 

the coating surface and at each position 20 laser shots were applied to obtain depth profiles of the 

elements. 



3. Results and discussion 

3.1. Surface of plasma exposed coatings by photographs and SEM 

Fig 1 shows photos of compact (upper half) and porous (lower half) samples after the plasma 

exposure and LIBS testing. The plasma exposure causes the formation of two ring-like patterns, 

with the central darker one surrounded by a lighter one. Diameters of the dark rings were ≈ 10 

and 5 mm for compact and porous coatings, respectively. The width of lighter annular rings was 

≈ 5 mm. Similar darker and lighter regions were observed also in previous studies [26,27,45] and 

their appearance is consistent with the non-uniform distribution of plasma conditions along the 

coating surface. The surface temperature, plasma temperature and plasma density of Magnum-

PSI have Gaussian distribution [26,46]. Furthermore, distributions of electron and ion fluxes of 

Magnum-PSI are different [46]: the electron flux dominated in the central zone of target (spots 3-

7 in compact and spots 5-6 in porous coating) while ion flux dominated in the remaining outer 

zone.  

    

Figure 1. Photographs of upper or lower halves of compact (upper half) and porous (lower half) 

W-O coating after exposure to deuterium plasma and LIBS measurements. Numbered spots 

show the positions where LIBS spectra were recorded: each crater was formed by 20 consequent 

laser pulses. Dashed rings mark the approximate boundary between dark and light regions. 



The light region of exposed compact coating had a relatively smooth surface similarly with the 

unexposed coating (Fig. S1a) but there appeared spots with the size of tens of micrometre where 

part of the coating was damaged (Fig. 2a). The appearance of these structures can be attributed to 

the delamination of blisters which are formed due to the accumulation of deuterium inside of the 

coating [19,47]. In the dark region of compact coating, the spots were missing while there 

appeared grains of few tens of nanometre size (Fig. 2b). The formation of similar structures was 

observed also in other studies where fluence values were comparable to that of the present study  

[6,19,47,48].  

 

Figure 2. SEM surface images of plasma-exposed compact (a,b) and porous (c,d) W-O coating 

obtained from light (a,c) and dark (b,d) region. Insets show images with higher magnification. 

Ovals in (c) mark the positions of cracks. 

The light region of the exposed porous coating had nanostructured surface features similarly with 

unexposed coating (Fig. S1), but plasma exposure caused the appearance of some damage or 

debris and narrow lengthy cracks (marked by ovals on Fig. 2c). In the dark region of this coating 

type, the grains were reduced to smaller fuzzy-looking structures (Fig. 2d). In addition, 



structureless patterns with the size of hundreds of nanometres could be seen, possibly resulting 

from re-deposited material on the surface. No signs of coating damage were observed for the 

porous coating. 

 

3.2. Cross-sections and composition distribution by FIB-SEM and EDX 

SEM cross-section images of compact and porous W-O coatings obtained from light and dark 

regions are shown in figure 3. The surface unevenness of FIB milled cross-sections from the dark 

region of compact coating is a FIB milling artifact which likely arises because of irregularities on 

the sample surface as well as due to the variation of the sputtering yield on different 

crystallographic orientation. 

 

 Figure 3. FIB-SEM images of the cross-section of compact and porous W-O coating. The upper 

panel shows the cross-section of peeled coating, while lower panels show the cross-sections of 

undamaged coatings from dark regions. The elemental composition of different layers was 

determined by EDX. Ovals mark the position of cracks. 



 

The cross-section from the light region of a compact W-O coating shows a place where coating 

damage has taken place. The upper part of the W-O coating in this area was peeled off and the 

remaining layer of coating was only few hundred nanometers thick. In the dark region, the W-O 

coating remained undamaged (Fig. 3, lower left panel). In the dark region, above the compact W-

O coating was a layer of ≈70 nm thickness. Such distinct surface layer was missing in the light 

region of compact coating. In both regions the thickness of the unbroken compact W-O coating 

was between 1.4 to 1.5 µm. 

The porous W-O coating remained intact in both regions and the coating thickness was 

approximately 1.6 µm. The thickness of the W adhesion layer between the steel substrate and the 

porous W-O coating was approximately 200 nm. The cracks in the porous coating which were 

apparent from the surface images were also detectable in the cross-section images obtained both 

from light and dark regions. 

 

3.3. Phase content and crystallite size by XRD 

The XRD diffraction patterns of two W-O coatings obtained by theta-2theta scan in the parallel 

beam configuration are shown in Fig. 4. The most prominent XRD reflections of compact W-O 

coating can be assigned to 110, 211 and 220 crystallographic planes of the most stable form of 

tungsten: α-W (ICDD PDF-2 Card 01-089-3012, space group Im-3m). The reflections 

corresponding to α-W were present in the case of porous W-O coating which had also several 

weak reflections characteristic to metastable phase of tungsten: β-W (ICDD PDF-2 Card 03-065-

6453, crystal structure of A15 type). These reflections were more pronounced in the case of 

grazing incident configuration which collects signal from the upper layer of surface. For both 

coatings, there were also small but narrow reflections which corresponded to the steel substrate 

(marked by S in Fig. 4). It should be noted that the used XRD configuration did not allow to 

clearly distinguish between light and dark regions, but the signal was expectedly collected 

mostly from the darker region. 

 



 

Figure 4. XRD patterns of compact and porous W-O coating obtained by theta-2theta scan. 

The intensities and FWHM of reflections were comparable for both coatings. The crystallite size 

calculated from the FWHM of the dominant reflection (110) of α-W according to Debye-

Scherrer formula was about 14 nm for the compact coating and 18 nm for the porous coating. 

The size of crystallites obtained by XRD is comparable with the grain size of the structures 

obtained by SEM. Before the exposure to D plasma, the (110) peak of compact coating had 

considerably lower intensity and broader width when compared to porous coating [36]. The 

estimated crystallite size was approximately 7 nm for unexposed porous coating and less than 2 

nm for unexposed compact coating [36]. The comparison of the results demonstrates 

considerable increase in the crystallite size of both coatings due to the exposure to the deuterium 

plasma. 

 

3.4. Elemental depth profiles by SIMS 

Depth profiles of deuterium, hydrogen, oxygen, iron and tungsten obtained by SIMS at different 

regions of compact and porous W-O coatings are shown in figure 5. According to the W profile, 

the thickness of compact coating was 1.1-1.2 µm and that of the porous coating was 1.5-1.7 µm. 

These thickness values are close to the values obtained from SEM cross-section images. With the 

exception of the first 100 nm, the intensity of W signal of all samples did not change remarkably 

within the thickness of the coating. 
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Lower W signal at the 100 nm thick surface layer was accompanied with higher Fe signal at the 

surface. Fe signal diminished inside of the porous coating and dark region of compact coating 

while the Fe profile in the light region of the compact coating differed drastically from profiles in 

other characteristic regions. Co-occurrence of strong W and Fe signals in this region seems to 

indicate that the mixing of these elements could be caused by coating damage (as shown on Fig. 

3a) and formation of surface deposits which have mixed nature. Both coating damage and 

deposits have microscopic size while SIMS integrates over a considerably larger area. It should 

be noted that the threshold energy for Fe sputtering by deuterium ions is approximately 40 eV 

[49] which is comparable to the energy of the deuterium ions used in the present study. 

 

 

Figure 5. SIMS depth profiles for compact (a,b) and porous (c,d) W-O coating obtained from 

light (a,c) and dark (b,d) region. 
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Figures 6a and 6b present the SIMS D signal normalized to W (D/W ratio) which can be used to 

evaluate the amount of retained D content. For dark regions of both W-O coatings, D/W ratio 

had peaks in the surface layer of 50 nm thickness whereas somewhat higher peak was obtained 

for porous W-O coating. Porous W-O coating had an additional hump in the D/W depth profile 

at the depth of 200-300 nm. This peak was present both in dark and light regions of the coating 

surface while being somewhat higher in the light region. The presence of the second peak may 

be caused by D implantation and increased D retention by chemical bonding with oxygen whose 

concentration is higher in this coating (Fig. 2c and 3). According to earlier study with crystalline 

tungsten-oxide [8], the bonding with oxygen may be more important than retention in pores. 

However, the porosity may also influence the retention at higher temperatures and at energies 

relevant for Magnum-PSI. 
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Figure 6. SIMS depth profiles of deuterium signal normalized to tungsten (D/W ratio) (a,b) or 

hydrogen (D/H ratio) (c,d) obtained from light and dark region of compact (a,c) and porous (b,d) 

W-O coating. 

For further comparison with LIBS results (subsection 3.5), Figures 6c and 6d show the D/H as a 

function of depth. The general trends in the depth and lateral profiles of D/H ratio are similar to 

the profiles of D/W ratio, i.e. for both coatings the ratio was largest at the depth less than 100 nm 

of dark region. 

 

3.5. Elemental depth profiles and deuterium lateral distribution by LIBS 

LIBS elemental depth profiles were obtained by applying 20 consecutive laser pulses at the same 

lateral position. Single shot intensities of the recorded W, Fe and Cr spectral lines had typically 

poor signal-to noise ratio and depth profiles constructed by different single lines were not 

unambiguous. To alleviate this problem, several lines of these elements were used for the 

construction of the depth profiles. At first, the depth profiles of single lines were normalized by 

the highest intensity of this line. Normalized profiles were then averaged over four W, five Fe 

and three Cr lines in the wavelength range of 280-520 nm, results are presented in Figure 7. 

In the case of the compact coating, the normalized intensity of Fe and Cr lines started to increase 

after the first shot and reached relatively stable values after 3-4 shots. The intensities of W lines 

decreased with the growth of Fe and Cr line intensities but were even noisier. It should be noted 

that the coating-substrate interface of LIBS depth profiles is smeared because the substrate is 

reached faster at the center of the laser beam due to its Gaussian profile of the intensity. 

Therefore the resulting LIBS spectra will contain emission lines simultaneously from the 

substrate and from the sides of the coating [50]. The compact coating was removed by very small 

number of shots and the resulting small depth resolution did not allow a more detailed 

comparison of LIBS and SIMS results for compact coating. The LIBS elemental depth profiles 

of porous coating followed the trends in SIMS depth profiles. The normalized intensity of Fe and 

Cr lines started to grow from shot 3-4 onwards reaching stable values after 5-6 shots.  



 

 

Figure 7. LIBS depth profiles for the averaged intensity of normalized W, Fe and Cr lines and 

intensity of Dα and Hα lines for compact (a,b) and porous (b,c) W-O coatings obtained from light 

(a,c) and dark (b,d) regions of the coating.  

The ablation rate of the coatings was estimated from the thickness of the coating and the number 

of laser shots required to remove the coating. It should be noted that this calculation procedure 

gives an average value over a number of shots while the ablation rates of single shots may vary 

due to the changing crater size [50] and coating properties [32]. The ablation rate of the compact 

W-O coating estimated by the described procedure was 350-460 nm/shot. Large uncertainty in 

the ablation rate of this coating is mainly caused by the small number of shots required to reach 

the substrate. Ablation rate of porous coating calculated in a similar way was 250-300 nm/shot. 
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The calculated rate is probably influenced by the presence of 200 nm thick crystalline W 

interlayer between the porous coating and substrate. This dense interlayer may have ablation rate 

even below 100 nm/shot according to our earlier studies which investigated the ablation rates of  

various W coatings [32]. 

 

Figure 8 shows the LIBS spectra in the wavelength region around 656 nm which were obtained 

by subsequent laser shots at spot 5 (Fig. 1) in the dark region of the compact coating. The spectra 

of the first shots had two peaks at 656.1 and 656.28 nm corresponding to partly overlapped Dα 

and Hα lines. The intensities of these lines were obtained by fitting with Lorentzian contours 

(FWHM value 0.16 nm). According to figure 8, the use of Lorentzian contours resulted in good 

fit of the experimentally determined peaks. For all spots the intensity of the Hα line, IH, slightly 

decreased after the first shot and then remained almost unchanged for subsequent laser shots 

while for the second shot the Dα intensity was at least five time less than it was for the first shot 

(Fig. 7a). For measured spots of the light region of the compact coating, the Dα intensity exceeds 

the noise level only for the first shot while Hα line intensities followed the intensities determined 

in dark region (Fig. 7). In case of the porous coating, the Dα line was observable only for the first 

shot regardless of the region on the surface. Hα line intensities of porous coating was almost the 

same as in the case of compact coating (Fig. 7). Furthermore, for both coatings the intensity of 

Hα line remained practically unchanged in W-O coating and steel substrate. 
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Figure 8. LIBS recordings of deuterium and hydrogen lines obtained by subsequent laser shots 

from the dark region of compact W-O coating at spot 5 shown on figure 1. Dots represent the 

experimental values and solid lines the Lorentzian fit. 

Figure 9 shows spectra of hydrogen isotopes of the first shot obtained from different spots on 

compact and porous coatings. In the case of compact coatings, the intensity of the Hα line 

remained practically constant along the surface while the intensity of the Dα line decreased 

gradually with the distance from the center. In the case of the porous coating, the intensity of the 

Hα line was comparable with the intensity of the Hα line obtained for compact coatings but the 

Dα intensity had no clear correlation with the position on the coating. 

  

Figure 9. LIBS recordings of deuterium and hydrogen lines obtained by the first laser shot from 

the (a) compact and (b) porous W-O coating at different regions on the surface. The spot 

locations are shown by numbers in figure 1. Dots represent the experimental values and solid 

lines are Lorentzian fits.  

In the case of SIMS data, the use of D/W and D/H ratios allowed a better presentation of the 

regularities of D retention. In the case of LIBS only the ID/IH ratio gave reliable results as the IW 

signal was weak and noisy. Average intensity of Hα line from shots 2-12 with nearly constant H 

intensity (Fig. 7) was used for normalization. The ID/IH lateral profiles of compact and porous 

coatings are shown in Fig. 10. The lateral profile obtained for compact coating was fitted by a 

Gaussian profile because the deuterium plasma beam had also Gaussian profile. However, the 

FWHM of plasma beam was 20 mm while the FWHM of the deuterium distribution profile was 

≈ 10 mm, comparable to the width of the dark region of this coating. The results suggest that 
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deuterium distribution profile in compact coating might be caused by the differences in ion and 

electron fluxes similarly with the width of the dark region (section 3.1). At the same time, the 

ratio ID/IH of porous coatings had no clear correlation with the position on the surface of coating. 

   

Figure 10. Lateral profile of deuterium relative intensity ID/IH for compact and porous coatings. 

The distance was given from the center of the dark region. The lateral profile corresponding to 

compact coating was fitted by gaussian shown as red line.  

The LIBS lateral and depth profiles of deuterium relative intensities are generally in line with the 

D/H ratios obtained by SIMS results (Fig. 6c and 6d) and show that considerable amount of 

deuterium was loaded only in the thin surface layer of dark region of the W-O coatings. 

 

4. Summary/Conclusions 

We have investigated the possibility to use LIBS for the determination of deuterium retention in 

tungsten-oxide coatings with markedly different properties. The samples were exposed to 

deuterium plasma flux which was chosen as close as possible to ITER relevant value while the 

surface temperature of samples was kept low to ensure high deuterium retention. The exposure to 

plasma caused the appearance of central and peripheral zones at the surface of samples whose 

surface morphology and elemental composition differed markedly.  

• According to FIB-SEM pictures, in the case of compact coating the peeling of the coating 

takes place in the peripheral zone and as a result in SIMS depth profiles intensive signals 

of the substrate material arises at all depth values. Large fluctuations of the LIBS W and 



Fe/Cr signals permitted just a rough estimation of the ablation rate. In addition, these 

fluctuations did not allow to use the ratio ID/IW for comparison of LIBS and SIMS results. 

However, it appeared that in LIBS measurements the intensity of Hα line depended only a 

little on the laser shot number. This circumstance gave a possibility to compare results of 

deuterium retention obtained by LIBS and SIMS. Both LIBS and SIMS measurements 

showed that the ratio of deuterium to hydrogen was highest in the central region of 

plasma treated compact coating. Strong deuterium signals of LIBS during the first laser 

shot matches with the SIMS finding that the deuterium was accumulated only in the 

narrow region near the coating surface.  

• For porous coating FIB-SEM pictures did not show the coating peeling and the LIBS and 

SIMS gave qualitatively similar W and Fe depth profiles with relatively uniform depth 

distribution of W along the coating. Deuterium was detectable only during the first LIBS 

shots while the spatial distribution of the LIBS ratio of deuterium to hydrogen had no 

clear correlation with the regions on the surface of porous coating.  

Final remarks concern the planning of further studies. First, the described results of ex-situ 

measurements do not reflect the actual on-line retention because of deuterium outgassing. The 

initial retention immediately after the deuterium plasma exposure can be found carrying out 

LIBS measurements immediately after exposure to plasma. Secondly, the quantitative estimation 

of the fuel retention becomes possible when instead of Hα line, the lines of an element with 

known concentration are used. 
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