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Abstract

The study deals with the microstructure, the chemical and phase composition and

the relative atomic concentration of D/C+Be on te surfaces of carbon fiber composite

and beryllium targets Simultaneously iradiated by a flux of hgh-power pulsed

deuterium plasma in experiments simulating plasma disniptions.

Introduction

In the course of JET experiments with carbon and beryllium divertor tiles it was

found Out that te Be/C atomic ratio in edeposited layers varied from 1.5 to <0.003

depending on the location of a tile [1]. Te atomic atio D/C+Be was the greatest

(0.77-0.80 i Be-enriched deposits, but in general it also varied depending on the

divertor aea where a tile was sed.

This study deals with the microstructure, chemical and phase composition and

the D/C+Be elative content on te surfaces of carbon fiber composite (CFC) and

berylliL1111 targets simultaneously irradiated by a flux of high-power pulsed deuterium

plasma in experiments simulating plasma disruptions.
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Experimental

Samples of Be and CFC UAM-92-5D were placed in the MKT electrodynamic

accelerator 2] and exposed simultaneously to a flux of pulsed deuterium plasma with

energy density of 900 U/m 2and pulse dration of 60 �ts. Te plasma had a density

of IO " cm-' and ion energy of up to 12 keV.

The beryllium target was placed in a recess on the CFC-target surface. The

erosion products were collected on a monocrystalline Si-plate placed in the beam

shadow zone parallel to te beam.

The JEOL scanning electron microscope was used for microstructure analysis of

target surfaces exposed to 10 plasma plses and the materials deposited on the Si-

collector. The chemical composition of the surface layers was determined by

Rutherford backscatterinc, niethod usin Vn d Graaf accelerator ill \Berli 6 NI

H+ ions backscattered at 1700 were detected with a surface barrier detector. Deutefium

distribution in irradiated targets was profiled using the elastic recoil detection

method, in which a beam of He+ ions with 22 MeV hit a specimen under study at a

150 angle to its surface. The recoil atorns were detected at 300 relative to the initial

direction of the He+ incident beam. The deuterium atomic concentration in absolute

terms was determined by measuring the energy spectra of standard calibrating

specimens.

The phase composition of the Be-target surface layer was studied by X-ray

diffraction analysis using a sall angle diffractometer.

Results

Surface topography of the Be-target upon exposure to a Dplasma pulsed flux is

show i Fig.]. One can see that large mirriber of pores eerged 1101ig file g3111

boundaries, grain surface is covered by doplets and there are cracks on the target

surface along te grain boundaries. As regards the CFC-target microstructure (see

Fig.2), the exposure to D-plasrna has predominantly affected its pyrolytic graphite

matrix (Fig.2a wich has cracked ad flaked off, while the reinforcing CFC-fiber

structure has largely been unchanged (Fig.2b). The droplets spread out over the

surfaces of both targets are redeposited erosion products, as proved by their presence

on te cracks. Essentially, all the droplets spread over the Be-target have annular

halos omposed of tiny particles (Fig.3 - an idication that te depositing particles
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may have carried electric charges of opposite signs. The doplets oil the CFC UAM-

92-5D surface can be observed on te atrix (Fig. 4a, b) and at some eds of the

reinforcing fibers (Fig. 4c) wile te fiber cylindrical surfaces are!essentially fee of

them (Fig. 2b). Furthermore, there are pores on some fiber ends. (Fig. 4d) One can

also observe 15-400 rm in diameter droplets o the UAM-92-50 surf,,icp rpniote fair

the Be target (Fig. 4b).

Formation of droplets discovered on Be and CFC targets after their exposure to

the powerful plsed deuterium plasma is conditioned by te Be-atorn return fron a

dense near-SUrface plasma onto the targets. Similar doplets were observed by the

authors of paper 3 uder Be-deposition in vacuum at temperatures above 300 'C.

The authors of paper 4] determined that round crystallized droplets, 200-800 rul in

diameter, are formed at the temperature of condensation above 300 'C. Nucleation of

the droplets occurs in the near-surface vapour, but not on te surface of growing Be-

crystals. The droplets from the beginning are small and very obile. Executing

Brownian otion over the surface ad on it, theyjoin with each other.

The size distribution istograms for erosion products deposited on the CFC-

target (a) and the Si-collector (b ae pesented in Fig.5. The size distribution of the

erosion prodUCt o te CFC trget how to axima - in the rnnges of 50-80 and

100-200 nm - and indicates that the particles of all sizes have an integral density of

- 142 x 109 CM-2 . Droplets discovered on the Si-collector have greater diameters (0. I-

2 �trn) than tose deposited on te irradiated targets. Teir size dstribution illaximurn

is in the ange of 02-0.4 pm (Fig. 5b), eaning that only te smaller particles have

returned to te target frorn plasma. Te density of all te particles deposited on the Si-

collector is 2.69 x 106 crn -2.

In the part of the Be-target surface bordering the CFC area, redeposited particles

have formed a wavy pattern (Fig. 6. The density of redeposited particles found on the

Be ad UAM-92-5D targets Is 4.5 x 107 and 6.95 x 107 per crn -2 respectively.

The Rutherford backscattering analysis of layers edeposited oil the Be-target

revealed te presence of Be, C ad atoms wose concentrations near the surface

were 39.0; 32.7 and 28.3 at.% respectively (Fig. 7. The mixed Be+C layer was 30

nr tick. At the depth of - I 00 nni the concentration of C-atoms reduc-d - I it 1

A preliminary Xay dfraction analysis revealed tat the near-surface zone of mixed

layers 16 nni) contained, besides a aorphous component, polycrystalline phases
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of Be-oxide (BeO) and Be-carbonate (BeCO34H20). The ratio of te polycrystalline

phases is 57/43.

Fig. shows the distribution profiles of deuterium in mixed layers codeposited

on Be and CFC targets. Te deuterium itegral concentration in them is te same -

6.4 x 1019 CM-2 . However, in the case of CFC, the deuterium distribution is uniform

throughout the layer, while in the case of Be, this uiformity can only be observed in

a arrow, IO nm thick, near-surface layer.

The D/C+Be atomic concentration atio i the Be+C mixed layers is 0019. Tile

results of JET experiments carried out to determine D-concentration i mixed Be+C

layers at different parts of te divertor euipped with Be and C tiles suggest that such

a omparably low D-conlent can only be bserved in Be-Liles dped wi a ery slight

addition of C (with C/Be ratio of 0003-0.01). Where Be/C rises to -1.0-1.5, the D-

retention is uch higher, and D/C+Be-ratio reaches 015-0.2, that is, becomes an

order of magnitude greater than in mixed layers with close ratio of Be to C atomic

concentrations, occurring in experiments sinlulating plasma disruptions.

Conclusion

1 A simultaneous'irradiation of beryllium and CFC by pulsed fluxes of D-plasnla in

experiments simulating plasma disruptions led to the formation of inixed 30-50 nm

thick layers. The Be/C atomic concentration ratio i such a layer on Be-target was

1 19 A preliminary Xay diffraction analysis revealed that the near-surface zone

of ixed layers 16 nrn) contained, besides an amorphous component,

polycrystalline phases of Be-oxide (BeO ad Be-carbonate (BCCO34H20). Tile

ratio of the polycrystalline phases is 57/43.

2. Cracks evolved along the grain boundaries in te Be-target and in the pyrolytic

graphite atrix of te CFC-target. A large umber of pores developed in the grain

bulk in te Be target. In the UAM-92-513 target te einforcing fiber structure as

remained unchanged.

3. On the Be and CFC surfaces, one can observe 15-400-nm Be-droplets tat have

flown back from plasma. Teir size distribution profile peaks at 50-80 rim.

4. Size distribution histogram for particles deposited on te Si-collector has

maximurn in the range of 200-400 nin. Te size of the erosion products reaches

2 prn.
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5. Mixed layers formed on both Be ad CFC targets contai sall qantities of

deuterium. Te integral D-concentration i both of tese layers is te same -

6.4 x 1019 CM-2 . The D/C+Be atomic concentration ratio in the mixed layers is

0.0 9 tat is, about a order of magnitude less tan that observed nder exposure

to stationary plasma A low D-content i te mixed layers is probably due to an

intense omentary heating of the targets by a high-power pulsed plasnia. flux (up

to 3,500 K).
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Figure captions

Fig. 1. Surface topography of Be-target exposed to Dplasma.

Fig. 2 Microstructure of CFC-target exposed to Dplasma a - matrix, b -

reinforcing fibers.

Fig. 3 Droplets spread over Be-target surface.

Fig. 4 Droplets and pores on CFC-target surface: a - matrix, agnification 10000, b

- matrix, magnification 40000; d - end faces of reinforcing fibers.

Fig. 5. Size distribution histograms for the erosion products deposited on the CFC-

target (a) and on Si-collector (b).

Fig. 6 Surface microstructure of the Be-target part bordering the CFC-area.

Fig. 7 Chemical composition of a mixed layer fori-ned on the Be-target: -Be,

C.

Fig. 8. Deuterium distribution profiles for Be and CFC targets exposed to Dplasma:

- Be, - UAM-92-5D.
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Fig. 1 Surface topography of Be-target exposed to Dplasma

a

Fig. 2 Microstructure of CFC-target exposed to D-plasma a - matrix, b -

reinforcing fibers.
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Fig. 3 Droplets spread over Be-target surface
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Fig. 4 Droplets and pores on CFC-target surface: a matrix, magnification 10000,

b - matrix, magnification 40000; cd - end faces of reinforcing fibers.
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Fig.. 5. Size distribution histograms for the erosion products deposited on the CFC-

target (a) and on Si-collector (b).
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Fig. 6 Surface microstructure of the Be-target part bordering the
CFC-area.
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Fig. 7 Cemical composition of a ixed layer formed on the Be-target: -Be, 0,

C.
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Fig. 8. Deuterium distribution profiles for Be and CFC targets exposed to Dplasma:

-Be, - UAM-92-5D.
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